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In recent years the idea of using gene therapy as a modality in the 
treatment of diseases other than genetically inherited, monogenic disorders 
has taken root. This is particularly obvious in the field of oncology where 
currently more than 100 clinical trials have been approved worldwide. This 
report will summarize some of the exciting progress that has recently been 
made with respect to both targeting the delivery of potentially therapeutic 
genes to tumor sites and regulating their expression within the tumor 
microenvironment . In order to specifically target malignant cells while at 
the same time sparing normal tissue, cancer gene therapy will need to 
combine highly selective gene delivery with highly specific gene 
expression, specific gene product activity, and, possibly, specific drug 
activation. Although the efficient delivery of DNA to tumor sites remains a 
formidable task, progress has been made in recent years using both viral 
(retrovirus, adenovirus, adeno-associated virus) and nonviral ( 
liposomes, gene gun, injection) methods. In this report emphasis will 



be placed on targeted rather than high-efficiency delivery, although those 
would need to be combined in the future for effective therapy. To date 
delivery has been targeted to tumor- specific and tissue-specific antigens, 
such as epithelial growth factor receptor, c-kit receptor, and folate 
receptor, and these will be described in some detail. To increase 
specificity and safety of gene therapy further, the expression of the 
therapeutic gene needs to be tightly controlled within the target tissue. 
Targeted gene expression has been analyzed using tissue-specific promoters 
(breast-, prostate-, and melanoma-specific promoters) and disease-specific 
promoters (carcinoembryonic antigen, HER-2/neu, Myc-Max response elements, 
DF3/MUC) . Alternatively, expression could be regulated externally with the 
use of radiation- induced promoters or tetracycline -responsive elements. 
Another novel possibility that will be discussed is the regulation of 
therapeutic gene products by tumor-specific gene splicing. Gene expression 
could also be targeted at conditions specific to the tumor 
mi cr ©environment , such as glucose deprivation and hypoxia. We have 
concentrated on hypoxia-targeted gene expression and this report will 
discuss our progress in detail. Chronic hypoxia occurs in tissue that is 
more than 100-200 microns away from a functional blood supply. In solid 
tumors hypoxia is widespread both because cancer cells are more 
prolific than the invading endothelial cells that make up the blood vessels 
and because the newly formed blood supply is disorganized. Measurements of 
oxygen partial pressure in patients ' tumors showed a high percentage of 
severe hypoxia readings (less than 2.5 mmHg) , readings not seen in normal 
tissue. This is a major problem in the treatment of cancer, because 
hypoxic cells are resistant to radiotherapy and often to chemotherapy. 
However, severe hypoxia is also a physiological condition specific to 
tumors, which makes it a potentially exploitable target. We have utilized 
hypoxia response elements (HRE) derived from the oxygen- regulated 
phosphoglycerate kinase gene to control gene expression in human tumor 
cells in vitro and in experimental tumors. The list of genes that have been 
considered for use in the treatment of cancer is extensive. It 
includes cytokines and costimulatory cell surface molecules intended to 
induce an effective systemic immune response against tumor antigens that 
would not otherwise develop. Other inventive strategies include the use of 
internally expressed antibodies to target oncogenic proteins (intrabodies) 
and the use of antisense technology (antisense oligonucleotides, antigenes, 
and ribozymes ) . This report will concentrate more on novel genes 
encoding prodrug activating enzymes, so-called suicide genes (Herpes 
simplex virus thymidine kinase, Escherichia coli nitroreductase, E. 
(ABSTRACT TRUNCATED) 
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The concepts underlying the antisense approach to disease therapy are 
discussed, and potential applications are examined. Antisense therapeutic 
agents bind to DNA or RNA sequences, blocking the synthesis of cellular 



proteins with unparalleled specificity. Transcription and translation are 
the two processes with which the agents interfere. There are three major 
classes of antisense agents: antisense sequences, commonly called antisense 
oligonucleotides; antigene sequences; and ribozymes . Antisense 
sequences are derivatives of nucleic acids that hybridize cytosolic 
messenger RNA (mRNA) sense strands through hydrogen bonding to 
complementary nucleic acid bases. Antigene sequences hybridize 
double -stranded DNA in the nucleus, forming triple helixes. Ribozymes 

rather than inhibiting protein synthesis simply by binding to a single 
targeted mRNA, combine enzymatic processes with the specificity of 
antisense base pairing, creating a molecule that can incapacitate multiple 
targeted mRNAs . Antisense therapeutic agents are being investigated in 
vitro and in vivo for use in treating human immunodeficiency virus 
infection, hepatitis B virus infection, herpes simplex virus infection, 
papillomavirus infection, cancer, restenosis, rheumatoid arthritis, 
and allergic disorders. Although many results are preliminary, some are 
promising and have led to clinical trials. A major goal in developing 
methods of delivering antisense agents is to reduce their susceptibility to 
nucleases while retaining their ability to bind to targeted sites. 
Modification of the phosphodiester linkages in oligonucleotides can lend 
the sequences enzymatic stability without affecting their binding 
capacities. Carrier systems designed to protect the antisense structure and 
improve passage through the cell membrane include liposomes , 
water-soluble polymers, and nanoparticles . The pharmacokinetics of 
antisense agents are under investigation. Antisense therapeutic agents have 
the potential to become an integral part of medicinal regimens. 
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1. Ribozymes can be designed to cleave in trans, i.e. several 
substrate molecules can be turned over by one molecule of the catalytic 
RNA. Only small molecular weight ribozymes, or small ribozymes, 
are discussed in this review with particular emphasis on the hammerhead 
ribozyme as this has been most widely used for the inhibition of gene 
expression by cleavage of mRNAs. 2. Cellular delivery of the ribozyme 
is of crucial importance for the success of inhibition of gene expression 
by this methodology. Two modes of delivery can be envisaged, endogenous and 
exogenous delivery. Of the former several variants exist, depending on the 
vector used. The latter is still in its infancy, even though chemical 
modification has rendered such ribozymes resistant against 
degradation by serum nucleases without impairment of catalytic efficiency. 
3. Various successful applications of ribozymes for the inhibition of 
gene expression are discussed, with particular emphasis on HIV1 and 
cancer targets. These examples demonstrate the promise of this 
methodology . 
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Chronic myelogenous leukemia is characterized by the Philadelphia 
chromosome, which at the molecular level results from the fusion of the bcr 
gene on chromosome 22 and the abl gene on chromosome 9. The bcr-abl fusion 
gene encodes a novel tyrosine kinase with transforming activity. In this 
study, we have synthesized a multi-unti ribozyme that targets bcr-abl 
mRNA. In vitro ribozyme cleavage reactions show increased cleavage 
efficiency of this multi-unit ribozyme compared with single or double 
ribozymes. The multiunit ribozyme was then transfected into 
murine myeloblasts transformed with the bcr-abl gene (32D cells) . 
Ribozyme transfection was accomplished either by liposomes or 
using follic acid-polylysine as a carrier. Multi-unit ribozyme 
transfection reduced the level of bcr-abl mRNA 3 logs when transfected via 
folate receptor-mediated uptake into transformed 32D cells. These results 
suggest that a multi-unit ribozyme could be an effective therapeutic 
agent for the treatment of Philadelphia chromosome -positive chronic 
myelogenous leukemia. 



3/3,AB/5 (Item 5 from file: 155) 

DIALOG (R) File 155 .-MEDLINE (R) 

08253033 95009966 PMID : 7925305 

Ribozyme -mediated cleavage of the MDR-l transcript restores 
chemosensitivity in previously resistant cancer cells. 

Kiehntopf M; Brach M A; Licht T; Petschauer S; Karawajew L; Kirschning C; 
Herrmann F 

Department of Medical Oncology and Applied Molecular Biology, Freie 
Universitat Berlin, Universitatsklinikum Rudolf Virchow, 

Robert -Ross le -Cancer Center, Germany. 

EMBO journal (ENGLAND) Oct 3 1994, 13 (19) p4645-52, ISSN 
0261-4189 Journal Code: 8208664 

Retraction in EMBO J. 1997 Jul 1;16(13) 4153; Retraction in PMID 9280722 

Document type: Journal Article; Retracted Publication 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

How cancer cells become resistant to chemotherapy is not completely 
understood, but it is believed that resistance is usually associated with 
overexpression of drug resistance genes. Drug resistance mediated by the 
MDR-l gene is the first well characterized form of drug resistance in human 
cancer . MDR-l encodes a phosphoglycoprotein, P-GP, that serves as an 
energy- dependent drug efflux pump, reducing intracellular drug accumulation 
and thereby cytotoxicity. We have used ribozymes to reverse the 
multiple drug resistance phenotype. A hammerhead ribozyme recognizing 
the GUC sequence at position -6 to -4 close to the translation start site 
of the 4.5 kb MDR-l mRNA was prepared by in vitro transcription 
(MDR-l-RZiv) or chemical synthesis (MDR-l-RZs) . Both MDR-l-RZiv and 
MDR-l-RZs specifically cleaved the MDR-l mRNA into two parts of the 
expected size under physiological conditions in an extracellular system 
with MDR-l-RZiv being more effective. Site-specific cleavage was dependent 
on time, temperature and [MgC12] . To examine the in vivo potential of 
MDR-l-RZ, MDR-l-RZiv and MDR-l-RZs were transfected into a human pleural 
mesothelioma cell line and into one adriamycin-resistant and one 
vindesine-resistant subline thereof by liposome-mediated transfer. 



Incorporation of ribozymes resulted in significantly reduced 
expression of the MDR-1 gene, with MDR-l-RZs being more potent than 
MDR-l-RZiv in vitro. MDR-l-RZ reduces P-GP overexpression at the protein 
level. Liposome-mediated transfer of MDR-l-RZiv or MDR-l-RZs reversed 
the multiple drug resistance phenotype and restored sensitivity towards 
chemotherapeutic drugs. 
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ABSTRACT: This book is part of a series of advanced instruction manuals on 
diverse topics in molecular medicine. The thirty chapters contained in 
this volume house practices and protocols useful for investigations 
involving gene therapy. The chapters contain an introduction, lists of 
materials, step-wise instructions, notes housing explanations and helpful 
hints, and references. Topics include: the use of DNA- adenovirus 
conjugates, replication-defective Herpes vectors, liposome-mediated 
gene transfer, cytokine gene-modified tumor cells in cancer 
therapy, and suppression of carcinoma by an antioncogene ribozyme. 
The text is illustrated and indexed. 
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Sequence-specific inhibition of gene expression is an attractive concept 
for the development of a new generation of therapeutics. Two alternatives 
can be envisaged for the introduction of ribozymes into cells: 
endogenous or exogenous delivery. In the latter, the ribozyme is 
prepared by chemical synthesis or transcription and delivered to the cell 
either unaided or with the help of liposomes. A problem with this 
approach is the abundance of RNases in the serum, and thus the 
stabilization of the ribozyme is necessary but without the impairment 
of catalytic efficiency. This has been achieved by several groups by 
2 • -modification of the pyrimidine nucleosides and the introduction of a few 
phosphorothioates at the termini. The selection of ribozyme 
-accessible sites on the target and the attachment of cholesterol and 
peptides to the ribozymes will be discussed. Examples of the 
application of these modified ribozymes in cell cultures will be 
presented, including the inhibition of expression of the multiple drug 
resistance gene, after unaided as well as liposome-aided delivery, \ 
and studies of animal models demonstrating the potential of this particular 
application strategy. 
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The bcr-abl oncogene is the molecular counterpart of the Philadelphia 
chromosome (Ph) , which is detected in > 95% of patients with chronic 
myelogenous leukemia (CML) and 20-30% of adults with acute lymphoblastic 
leukemia (ALL) . Leukemic cells from patients with CML express the p210 form 
of the bcr-abl oncogene, whereas in adult Ph+ ALL approximately 50% of 
cases express the pl90 form of the bcr-abl oncogene, and the other 50% 
express the same p210 gene as is found in CML. In this study, we have 
designed hairpin ribozymes (RZs) specific for the pl90 form of the 
bcr-abl oncogene to inhibit the growth of a pl90 Ph+ ALL cell line, 
Sup-B15. The RZs cleave pl90 RNA substrate in a cell-free in vitro assay. 
In the presence of the liposome, DMRIE-C, the RZs are protected from 
serum mediated catalysis in vitro. Anti-pl90 RZs transfected with DMRIE-C 
as the vector into K562 cells, which express the p210 bcr-abl oncogene, are 
stable intracellularly for up to 96 hours. Up to 33% of the DMRIE-C and RZ 
mixtures are taken up by Sup-B15 cells cultured in suspension. Expression 
of the pl90 bcr-abl protein product is specifically inhibited as 
demonstrated by Western blot analysis. Cell growth of the Sup-B15 cells is 
completely inhibited by anti-pl90 RZs over four days in culture. Anti-p210 
RZs have no significant effect on bcr-abl protein expression or cell growth 
by Sup-B15 cells. RZs may have a role in purging stem cell populations 
collected from patients with Ph+ ALL in the context of autologous bone 
marrow transplantation. 
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We investigated the usefulness of ribozymes in inhibiting the 
expression of human T-cell leukemia virus type I (HTLV-I) gene. Two 
hammerhead ribozymes that were against HTLV-I rex (RR) and tax (TR) 
mRNA were synthesized. Both ribozymes were sequence-specific in the 
in vitro cleavage analysis of run-off transcripts from tax/rex cDNA. 
Intracellular activities of the ribozymes were studied in HTLV-I tax 
cDNA-transf ected rat embryonic fibroblasts (Rat/Tax cells) , which expressed 
the Tax but not Rex. Ribozymes were delivered into cells using 
anionic or cationic liposomes fused with hemagglutinating virus of 



Japan (HVJ) . Cellular uptake of ribozymes complexed with HVJ-cationic 
liposomes was 15-20 times higher cellular uptake than naked 
ribozymes, and 4-5 times higher than that of ribozymes 
complexed with HVJ-anionic liposomes. HVJ-cationic liposomes 
promoted accumulation of ribozymes in cytoplasm and accelerated 
transport to the nucleus. Tax protein levels were decreased about 95% and 
were five times lower when the same amount of TR was introduced into the 
cells using HVJ-cationic, rather than HVJ-anionic liposomes. Inactive 
ribozyme and tax antisense oligodeoxynucleotides reduced Tax 
expression by about 20%, whereas RR and tax sense oligodeoxynucleotides had 
no effect. These results suggest that the ribozymes' effect against 
tax mRNA was sequence-specific, and HVJ-cationic liposomes can be 
useful for intracellular introduction of ribozymes. 
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Chemically synthesized hammerhead- type ribozymes targeted against 
the porcine leukocyte -type 12 -lipoxygenase (LO) have been developed and 
studied. One chimeric ribozyme consists of DNA in the non-enzymatic 
portions, and RNA in the enzymatic core as well as two phosphorothioate 
internucleotide linkages at 3* terminus. The second ribozyme consists 
of ribonucleotide sequences generated by in vitro transcription. In this 
chapter we describe methodologies to first analyze the ribozyme 
catalytic activity in vitro by studying cleavage of target RNA in vitro. 
The subsequent sections will describe how to target the catalytic 
ribozyme and deliver it to porcine vascular smooth muscle cells 
(PVSMC) by a liposome -mediated method. Finally ways to evaluate its 
activity to inhibit expression of the 12 -LO mRNA will be presented. These 
results demonstrate the feasibility of using ribozymes as novel 
candidates for therapeutic agents to block specific gene expression in 
vascular cells. 
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Liposomes that destabilize at mildly acidic pH are efficient tools 
for delivering water-soluble drugs into the cell cytoplasm. However, their 
use in vivo is limited because of their rapid uptake from circulation by 
the reticuloendothelial system. Lipid-anchored polyethylene glycol (PEG-PE) 
prolongs the circulation time of liposomes by steric stabilization. 
We have found that addition of PEG-PE to the membrane of pH- sensitive 
liposomes composed of cholesteryl hemisuccinate (CHEMS) and 
dioleoylphosphatidylethanolamine (DOPE) confers steric stability to these 
vesicles. This modification significantly decreases the pH-dependent 
release of a charged water-soluble fluorophore, calcein, from 
liposomes suspended in buffer or cell culture medium. However, the 
ability of such liposomes to release calcein intracellularly , 
measured by a novel flow cytometry technique involving dual fluorescence 
labeling, remains unaltered. As expected, the release of calcein from 
liposomes endocytosed by cells is inhibited upon pretreatment of the 
cells with NH4C1, an inhibitor of endosome acidification. The unique 
properties of these liposomes were also demonstrated in vivo. The 
distribution kinetics of lllln-containing CHEMS /DOPE /PEO-PE liposomes 
injected intravenously into rats has pharmacokinetic parameters similar to 
control, non-pH-sensitive, sterically stabilized CHEMS/distearoylphosphatid 
ylcholine/PEG-PE liposomes. In contrast, regular pH-sensitive 
liposomes lacking the PEG-PE component are cleared rapidly. 
Sterically s < LaJxLl i a ec LpH- sensitive i ^ppgrw^a may therefore be useful 
fo^^EHe^ intracellular delivery in vivo of highly negatively charged 
molecules such as g^Hg£? , ant ^ n>1 * gonuc l e otides , and ribozymes 
for the treatment of various diseases. " " 
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As the molecular defects that cause many muscle diseases have been 



identified, research has shifted to finding novel therapies. Gene therapy 
has been proposed both for correcting primary gene defects of muscle and as 
a way of using muscle for the production of proteins therapeutic in 
inflammatory or nonmuscle diseases. Several strategies have been developed 
to introduce foreign genes into diseased muscles, including myoblast 
transfer, direct injection of plasmids or DNA-liposome complexes, and 
infection with modified viruses. Related strategies, using antisense 
sequences or ribozymes, have been devised to modify gene expression 
in diseased cells. No method has j ^tj ^^^ it s elf - i,n the clin ic, although UH> 
current work remains promising and some of the pitfalls that must be<=^M 

overcome have been identifi&d. 
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Cationic liposomes may be valuable for the delivery of anti-sense 
oligonucleotides, ribozymes , and therapeutic genes into human 
immunodeficiency virus type 1 (HIV-1) -infected and uninfected cells . We 
evaluated the toxicity of three cationic liposomal preparations, 
Lipofectamine, Lipofectin, and 1, 2 -dimyri styloxypropyl- 3 -dimethyl -hydroxye 
thyl ammonium bromide (DMRIE) reagent, to HIV-infected and uninfected 
cells. Monocyte/macrophages were ' infected with HIV-lBaL and treated with 
liposomes in medium containing 20% fetal bovine serum (FBS) for 4 h 
or 24 h at 37 degree C. Uninfected monocytic THP-1 cells and chronically 
infected THP-l/HIV-lIIIB cells were treated with phorbol 12-myristate 
13 -acetate (PMA) and exposed to liposomes in the presence of 10% FBS. 
Toxicity was evaluated by the Alamar Blue assay and viral p24 production. 
The toxic effect of cationic liposomes was very limited with 
uninfected cells, although concentrations of liposomes that were not 
toxic within a few days of treatment could cause toxicity at later times. 
In HIV-lBaL- infected macrophages, Lipofectamine (up to 8 microM) and 
Lipofectin (up to 40 microM) were not toxic after a 4-h treatment, while 
DMRIE reagent at 4 0 microM was toxic. While a 4-h treatment of 
THP-l/HIV-lIIIB cells with the cationic liposomes was not toxic, even 
up to 14 days post -treatment , all three cationic liposomes were toxic 
to cells at the highest concentration tested after a 24 -h treatment. 
Similar results were obtained with the Alamar Blue assay, Trypan Blue 
exclusion and a method that enumerates nuclei. Infected cells with 
relatively high overall viability could be impaired in their ability to 
produce virions, indicating that virus production appears to be more 
sensitive to treatment with the cationic liposomes than cell 
viability. Our results indicate that HIV-infected cells are more 
susceptible than uninfected cells to killing by cationic liposomes. 
The molecular basis of this differential effect is unknown; it is proposed 
that alterations in cellular membranes during virus budding cause enhanced 
interactions between cationic liposomes and cellular membranes. 
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We have utilized synthetic ribozymes to modulate the 
lipopolysaccharide (LPS) -induced production of tumor necrosis factor-alpha 
(TNF-alpha) by peritoneal cells. Two hammerhead ribozymes (mRzl and 
mRz2) were prepared by transcription in vitro and their activities in vitro 
and in vivo were investigated. Both ribozymes cleaved their RNA 
target with an apparent turnover number (kcat) of 2 min(-l), and inhibited 
TNF-alpha gene expression in vitro by 50% and 70%, respectively. When mRzl 
and mRz2, entrapped in liposomes , were delivered into mice by 
intraperitoneal injection, they inhibited LPS-induced TNF-alpha gene 
expression in vivo with mRz2 being the most effective. This enhanced 
activity could result from the facilitation of catalysis by cellular 
endogenous proteins, since they specifically bind to mRz2 as compared to 
mRzl.. Furthermore, a significant mRz2 activity can be recovered from 
peritoneal cells 2 days post-administration in vivo. The ant i -TNF-alpha 
ribozyme treatment in vivo resulted in a more significant reduction 
of LPS-induced IFN-gamma protein secretion compared to IL-10. In contrast 
to this pleiotropic effect, the ant i -TNF-alpha ribozyme treatment did 
not affect the heterogenous expression of Fas ligand by peritoneal cells, 
indicating the specificity of the treatment. Taken together, the present 
data indicate that the biological effects of TNF-alpha can be modulated by 
ribozymes. In addition, the data suggest that ribozymes can be 
administered in a drug- like manner, and therefore indicate their potential 
in clinical applications. 
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Activation of a leukocyte -type 12 - lipoxygenase (12-LO) has been proposed 
to be an important mechanism for angiotensin II- and glucose- induced 
vascular smooth muscle cell growth. Currently, no specific pharmacological 
inhibitors for the leukocyte -type 12-LO are available to test this 
hypothesis. We have therefore designed a chimeric DNA-RNA hammerhead 
ribozyme to produce cleavage at the first GUC sequence at nucleotide 
7 of porcine leukocyte 12-LO mRNA. The ribozyme was tested in vitro 
with a 2 06 -base 12-LO mRNA as substrate. We observed that the 
ribozyme specifically and dose -dependent ly cleaved porcine leukocyte 



12 -LO mRNA at the predicted site under physiological temperature. 
Furthermore, we also efficiently delivered the ribozyme into porcine 
aortic vascular smooth muscle cells by transfection with cationic 
liposomes. The ribozyme caused a dose -dependent decrease in 
levels of porcine leukocyte -type 12 -LO mRNA in these cells and was more 
potent than an antisense oligonucleotide directed against porcine leukocyte 
12 -LO. The 12 -LO ribozyme also attenuated 12 -LO protein levels in the 
cells. The action of the ribozyme was primarily a result of its 
catalytic activity, since a modified ribozyme that lacks catalytic 
activity showed reduced effects. This represents the first ribozyme 
directed against a mammalian LO pathway. These results demonstrate the 
potential utility of new ribozyme technology to generate novel agents 
for gene modulation experiments to modify the development or progression of 
vascular disease in humans. 
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Hammerhead ribozymes targeted to various GUC or GUA sites on rat 
atrial natriuretic factor (ANF) mRNA were developed. The catalytic activity 
of ribozymes to four of these sites, synthesized by transcription off 
synthetic oligodeoxynucleotide duplexes, was studied in detail. In vitro, 
ribozyme -mediated cleavage was highly Mg (2+) -dependent , and at 
concentrations approaching those found intracellularly , the rate but not 
the extent of cleavage was markedly reduced. To test for cellular activity, 
synthetic genes encoding the ribozymes were cloned between the 
initiation and termination sequences of the UlsnRNA gene or between the 
T7RNA polymerase promoter and terminator sequences in pSP64 . Both 
constructs had defined initiation and termination sequences to minimize 
transcript size and for message stability. In vitro the addition of T7 or 
Ul terminator sequences had variable effects on catalytic activity, 
presumably due to structural interactions between the ribozyme and 
the added sequence. The ribozyme -encoding plasmids were cotransf ected 
with an expression plasmid containing a rat ANF cDNA into COS-1 cells using 
a liposome method, which provided high-level transfection efficiency. 
Quantitation of ANF mRNA by RNase protection showed marked decreases in ANF 
transcript levels with both the Ul- and the T7-expressed ribozymes 
directed at three of the four sites on ANF mRNA. With all constructs, 
target accessibility, determined in vitro, was a more important determinant 
of intracellular ANF mRNA cleavage than catalytic activity per se. ANF mRNA 
cleavage was not merely due to an antisense effect, since a mutant 
construct that was catalytically inactive but could still bind produced 
less cleavage than the corresponding wild-type ribozyme construct. 
These findings indicate that both Ul and T7 vector systems provide 
efficient ribozyme expression for the intracellular cleavage of 
target mRNA. 
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The bcr-abl fusion gene is the molecular counterpart of the Philadelphia 
chromosome (Phi) and is directly involved in the pathogenesis of Phl+ 
leukemia. Inhibition of bcr-abl gene expression may have profound effects 
on the cell biology of Phl+ cells, as recent experiments with antisense 
oligonucleotides have shown. In this study we have designed and synthesized 
a unique ribozyme that is directed against bcr-abl mRNA. The 
ribozyme cleaved bcr-abl mRNA in a cell-free in vitro system. A 
DNA-RNA hybrid ribozyme was then incorporated into a liposome 
vector and transfected into EM-2 cells, a cell line derived from a patient 
with blast crisis of chronic myelogenous leukemia. The ribozyme 
decreased levels of detectable bcr-abl mRNA in these cells, inhibited 
expression of the bcr-abl gene product, p210bcr-abl, and inhibited cell 
growth. This anti-bcr-abl ribozyme may be a useful tool to study the 
cell biology of Phl + leukemia and may ultimately have therapeutic potential 
in treating patients with Phi leukemias. 



4/3,AB/13 (Item 13 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

07503086 93027153 PMID: 1408757 

Chimeric DNA-RNA hammerhead ribozymes have enhanced in vitro 
catalytic efficiency and increased stability in vivo. 
Taylor N R; Kaplan B E; Swiderski P; Li H; Rossi J J 

Department of Molecular Genetics, Beckman Research Institute of the City 
of Hope, Duarte, CA 91010. 

Nucleic acids research (ENGLAND) Sep 11 1992, 20 (17) p4559-65 
, ISSN 0305-1048 Journal Code: 0411011 

Contract/Grant No.: AI25959; AI; NIAID; AI29329; AI; NIAID 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Subsequent to the discovery that RNA can have site specific cleavage 
activity, there has been a great deal of interest in the design and testing 
of trans-acting catalytic RNAs as both surrogate genetic tools and as 
therapeutic agents. We have been developing catalytic RNAs or 
ribozymes with target specificity for HIV-1 RNA and have been 
exploring chemical synthesis as one method for their production. To this 
end, we have chemically synthesized and experimentally analyzed chimeric 
catalysts consisting of DNA in the non-enzymatic portions, and RNA in the 
enzymatic core of hammerhead type ribozymes. Substitutions of DNA for 
RNA in the various stems of a hammerhead ribozyme have been analyzed 
in vitro for kinetic efficiency. One of the chimeric ribozymes used 
in this study, which harbors 24 bases of DNA capable of base-pairing 
interactions with an HIV-1 gag target, but maintains RNA in the catalytic 
center and in stem-loop II, has a sixfold greater kcat value than the all 
RNA counterpart. This increased activity appears to be the direct result of 



enhanced product dissociation. Interestingly, a chimeric ribozyme in 
which stem-loop II (which divides the catalytic core) is comprised of DNA, 
exhibited a marked reduction in cleavage activity, suggesting that DNA in 
this region of the ribozyme can impart a negative effect on the 
catalytic function of the ribozyme. DNA-RNA chimeric ribozymes 

transfected by cat ionic liposomes into human T- lymphocytes are more 
stable than their all-RNA counterparts. Enhanced catalytic turnover and 
stability in the absence of a significant effect on Km make chimeric 
ribozymes favorable candidates for therapeutic agents. 
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An emerging strategy in the treatment of viral infections is the use of 
antisense DNA or RNA to pair with, and block expression of viral 
transcripts. RNA, in addition to being an informational molecule, can also 
possess enzymatic activity. Thus, by combining anti-sense and enzymatic 
functions into a single transcript, it is now possible to design catalytic 
RNAs, or ribozymes , which can specifically pair with virtually any 
viral RNA, and cleave the phosphodiester backbone at a specified location, 
thereby functionally inactivating the viral RNA. In carrying out this 
cleavage, the ribozyme is not itself altered, and is thus capable of 
recycling and cleaving other molecules, making it a true enzyme. There are 
several different catalytic motifs which possess enzymatic activity, and 
each one of these can be incorporated into an enzymatic antisense with 
site-specific cleavage capabilities. By focusing on one type of catalytic 
motif, the hammerhead, we describe the principles behind the development of 
ribozymes as transacting, site- specific ribonucleases , several 
applications of ribozymes in functional destruction of target RNAs, 
as well as several of the problems confronting their use. We also describe 
a liposome delivery system which facilitates intracellular inclusion 
of ribozymes, and may provide a means for therapeutic delivery of 
ribozymes to HIV-1 infected cells. 
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Maintaining RNA stability is a major problem in the delivery of preformed 



inhibitory RNA to target cells. In this study, we delivered a hammerhead 

ribozyme directed against tumour necrosis factor alpha into human 

promyelocytic leukaemia cells by cationic liposome -mediated 

transf ection. Delivering a ribozyme in this manner reduced by 90% and 

85% tumour necrosis factor alpha mRNA and protein, respectively. A modified 

ribozyme with a bacteriophage T7 transcription terminator at its 3 ' 

end was more stable than one lacking this sequence. This indicates that 

ribozyme stability can be improved by the addition of terminal 

sequences expected to protect against cellular nucleases. 
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ABSTRACT: This article describes the necessary procedures used to deliver 
RNA to cells by liposomes. Ribozymes ltoreq 50 nucleotides in 
length were trapped routinely by these procedures. Larger ribozymes 
(140 nucleotides in length) and small plasmids ( gtoreq 5 kb) can also be 
delivered by these procedures. Methods for liposome preparation, 
screening cell uptake, and subcellular fractionation are described. 
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ABSTRACT: Since the revolutionary discovery of the first ribozyme a 

decade ago, the list of RNA molecules with catalytic activity is growing. 
In this report, we will focus on two types of ribozymes, namely, 
hammerhead-type and HDV (hepatitis delta virus) ribozymes. 
Hammerhead -type ribozymes are potentially powerful agents for 
suppressing intracellular gene expression. There are basically two ways 
to introduce hammerhead and other types of ribozymes into cells. 
One such technique is the drug delivery system (DDS) in which synthesized 
ribozymes are encapsulated in liposomes or other related 
compounds and delivered to target cells. In this methodology, it is 
important to use relatively stable ribozymes. We find that 
significant portions of hammerhead -type ribozyymes can be replaced by DNA 
counterparts possessing phosphorothioate linkages, without sacrificing 
catalytic activities. Moreover, the resulting chimeric thio-DNA/RNA 
ribozymes are more stable than all RNA ribozymes against 
nucleases. Another way to introduce ribozymes into cells is by 
transcription from the corresponding DNA template. When ribozymes 
are to be used as anti-HIV agents, it is better to target several sites 
simultaneously, since HIV has genetic variability. We have thus developed 
an expression vector, by combining cis- and trans-acting ribozymes 
., with which such a multiple targeting becomes possible. Finally, 
mutagenesis analyses on HDV ribozymes enabled us to identify two 
indispensable bases, G726 and C763, which are located in functionally 
important single-stranded regions. 
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BACKGROUND & OBJECTIVE: Growth of solid tumor metastases are critically 
dependent on angiogenesis . Vascular endothelial growth factor (VEGF), 
also known as vascular permeability factor, has been identified as one of 
the most potent inducers of tumor associated angiogenesis, studies have 
shown that VEGF plays an important role in angiogenesis which is 
associated with epithelial ovarian cancer. Until now, many strategies for 
gene therapy have been developed. Among them is Ribozyme-based 
therapeutics for cancer which might be devised to inhibit tumor growth or 
prevent metastases. Angiogenesis is required for sustained tumor growth, 
making the VEGF pathway another promising target for either small 
molecule or nucleic acid-based therapeutics. Little is known about the role 
of VEGF in ovarian tumorigenecity . We propose to block the autocrine 
and/or paracrine pathway of VEGF in ovarian cancer using anti- 
VEGF hairpin ribozyme gene to see whether the growth of tumor 
cells could be inhibited and to further exploit its mechanisms. METHODS: 
Ant i -VEGF hairpin ribozyme gene eukaryotic expression vector 
was introduced into ovarian cancer SK0V3 cells by lipofectin mediation and 
positive clones were screened by G418; Ribozyme expression was 
confirmed by RNA dot blot; The VEGF expression of SKOV3 cells before 
or after transfection were detected by immunohistochemical and 
immunofluorescence and flow cytometer immunofluorescence methods, MTT, 
colony forming, soft agar colony forming, and FCM were used to observe the 
effect of proliferation to ovarian cancer cells. RESULTS: VEGF 
expression decreased distinctly in SK0V3-RZ cells. The growth of 
transfected SK0V3-RZ cells were slower, The average colony forming 
efficiency and soft agar colony forming efficiency of SKOV3-RZ cells (12. 7 
+ /- 1.4 and 9.4 + /- 2.0, respectively) decreased distinctly (P < 0.001). 
The SKOV3-RZ cells of Gl stage increased(P < 0.01), the SK0V3-RZ cells of S 
stage were reduced(P < 0.01). CONCLUSIONS: Ant i -VEGF hairpin 
ribozyme gene can inhibit the proliferation of ovarian cancer SKOV3 
cells. This provides a experimental basis for cure human ovarian cancer 
with antiangiogenesis method. 
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OBJECTIVE: We propose to block the autocrine and (or) paracrine pathway 
of vascular endothelial growth factor (VEGF) in ovarian cancer by 
using anti-VEGF hairpin ribozyme gene to see whether the growth 
of tumor cells could be inhibited and to further exploit its mechanisms. 
METHODS: Anti-VEGF hairpin ribozyme gene eukaryotic expression 
vector was introduced into ovarian cancer cells SKOV(3) by using lipofectin 
mediation and positive clones were screened by genticin (G418) ; 
ribozyme (RZ) expression was confirmed by RNA dot blot; the 
VEGF expression of SKOV(3) cells before or after transfection were 
detected by reverse transcription polymerase chain reaction (RT-PCR) 
method, transmission electron microscopy demonstrated the morphologic 
changes of ribozyme -generating SK0V(3) cells; the growth of 
transfected cells in nude mice were detected. RESULTS: VEGF 
expression was decreased distinctly in SKOV(3) cells transfected by RZ 
(SKOV(3)-RZ) cells. Apoptosis cells were observed; the formation rate and 
growth speed of xenografted tumor slowed down. CONCLUSIONS: Anti-VEGF 

hairpin ribozyme gene can inhibit the expression of VEGF mRNA 
and VEGF in SKOV(3) cells. The growth of xenografted tumor in nude 
mice was inhibited by reduced angiogenesis . This provides an experimental 
basis for curing human ovarian cancer with antiangiogenesis method. 
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The levels of expression of various genes were altered in cellular 
transformants with manipulation of expression of single genes. Vascular 
endothelial growth factor A (VEGF -A) is a key molecule for tumor 
progression, although it is unclear how VEGF -A expression regulates 
various genes. Multiple gene expression levels were evaluated using cDNA 
arrays in a human hepatocellular carcinoma cell line (HLF) with suppression 
of the VEGF-A gene by anti-VEGF-A ribozyme (alphaVRz) . 
The ribozyme-mediated suppression of VEGF -A gene solely 
up-regulated matrix metalloproteinase 1 (MMP1) gene level in HLF/ alphaVRz . 



Levels of expression of other members of MMP family or tissue inhibitors of 
MMPs did not show any alteration. These results suggested that 
intracellular suppression of VEGF-A gene was specifically linked to 
up-regulation of MMP1 in human hepatocellular carcinoma cells. 
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Stromal angiogenesis is an important factor for progression of malignant 
neoplasms. We used hammerhead ribozymes against vascular endothelial growth 
factor (VEGF ) gene transcripts to down-regulate cell -associated 
VEGF189 isoform function in the pancreatic cancer cell line MIA PaCa2 . MIA 
PaCa2 transfected with anti-VEGF189 ribozyme did not show any 
alteration of growth rate under tissue culture. When the transf ormants were 
subcutaneously transplanted, tumour volume of the ribozyme 
-transfected MIA PaCa2 xenografts was significantly smaller (P<0.01). No 
metastasis of MIA PaCa2 transfected with anti-VEGF189 was apparent, while 
disabled ribozyme -transfected MIA PaCa2 showed significant liver 
metastasis (P<0.05). These results suggested that VEGF189 plays an 
important role in growth and metastatic potential through alteration of 
angiogenic balance in cancer. 
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The aim of this study was to further clarify the role of the 
cell-associated isoform of vascular endothelial growth factor (VEGF189) on 
tumour growth and vascularity. Five isoforms of VEGF have been 
identified with different biological activities. VEGF121, VEGF145, VEGF165 , 
VEGF189, VEGF2 06 are generated by alternative splicing. We used a 
hammerhead -type ribozyme (V189Rz) to suppress VEGF189 mRNA. The 
V189Rz specifically cleaved exon 6 of VEGF189 mRNA, but showed no activity 
against the VEGF121 or VEGF 16 5 isoforms. The V189Rz was introduced into the 
human non-small cell lung cancer (NSCLC) cell line (OZ-6/VR) . The 



expression level of VEGF189 mRNA was decreased in the 0Z-6/VR cells, while 
VEGF121 and 165 expression was unaltered. The 0Z-6/VR cells 
xenotransplanted into nude mice showed markedly reduced vascularisation and 
growth, whereas the cell line did not show any decreased growth under 
tissue culture conditions. The 0Z-6/VR cells (1 x 10(5) cells/mouse) formed 
no tumours, whereas the parental OZ-6 cells formed large tumours within 8 
weeks. The specific suppression of VEGF189 by the ribozyme decreased 
vascularity and xenotransplantability of the lung cancer cell line. Thus, 
the cell-associated isoform of VEGF, VEGF189, might have a key role 
in stromal vascularisation and the growth of NSCLC xenografts in vivo. 
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Several inhibitors of angiogenesis are being developed for the treatment 
of cancer. One dominant strategy involves disruption of the vascular 
endothelial growth factor (VEGF ) pathway by inhibition of the 
receptors for VEGF. Inhibition of the VEGF receptor activity 
can be accomplished using catalytic RNA molecules known as ribozymes, which 
downregulate VEGF receptor function by specifically cleaving the 
mRNAs for the primary VEGF receptors, Flt-1 and KDR. Significant 
inhibition of angiogenesis using ribozymes against both receptors has been 
demonstrated. In animal tumor models, antitumor effects are most pronounced 
with the anti -Flt-1 ribozyme known as Angiozyme (Ribozyme 
Pharmaceuticals, Boulder, CO) . Extensive preclinical studies have 
demonstrated no significant toxicities. Clinical trials of Angiozyme are 
currently in progress for patients with advanced malignancy. Preliminary 
results demonstrate Angiozyme to be well tolerated, without significant 
side effects. Several phase II trials are underway for patients with 
advanced malignancy to test therapeutic efficacy. 
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The pharmacokinetics and tolerability of a chemically stabilized 
synthetic ribozyme (ANGIOZYME) targeting the Flt-1 VEGF 
receptor mRNA were evaluated in healthy volunteers. In a 



placebo-controlled, single-dose escalation study, ribozyme was 
administered as a 4-hour i.v. infusion of 10 or 30 mg/m2 or as a s.c. bolus 
of 20 mg/m2. Peak ribozyme plasma concentrations of 1.5 and 3.8 
micrograms/mL were observed after the 10 and 30 mg/m2 i.v. infusions, 
respectively. When normalized to dose, AUC values as well as peak 
concentrations increased proportionally as the dose was increased from 10 
to 30 mg/m2 . Peak concentrations of 0.9 microgram/mL were observed 
approximately 3.25 hours after a 20 mg/m2 s.c. bolus of ribozyme. The 
dose-normalized AUCs obtained after s.c. dosing were compared to the mean 
dose-normalized AUC after i.v. dosing to estimate an absolute s.c. 
bioavailability (f) of approximately 69%. An average elimination half -life 
of 28 to 40 minutes was observed after i.v. administration, which increased 
to 209 minutes after s.c. administration. Only 4 of 12 reported adverse 
events were possibly related to administration of ribozyme (headache 
and somnolence) . Thus, ribozyme administration was well tolerated 
after a single 4 -hour i.v. infusion of up to 30 mg/m2 or a single s.c. 
bolus of 2 0 mg/m2. 
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Mutation of c-K-ras oncogene is an important step in progression of colon 
cancer. We used a hammerhead ribozyme (KrasRz) against mutated K-ras 
gene transcripts (codon 12, GTT) to inactivate mutant K-ras function in the 
colon cancer cell line SW480, harbouring a mutant K-ras gene. The 
beta-act in promoter-driven KrasRz sequence (pHbeta/KrasRz) was introduced 
into these cells (SW480/KrasRz) , and we evaluated its effects on growth of 
the colon cancer. The gene expression of angiogenesis-related molecules 
(vascular endothelial growth factor and thrombospondin) was also estimated 
in SW480/KrasRz . KrasRz specifically and efficiently cleaved the mutant 
K-ras mRNA but not wild-type mRNA in vitro. SW480/KrasRz showed decreased 
growth rate under tissue culture conditions (P< 0.01, Dunne tt 1 s test). The 
xenotransplantability of SW480/KrasRz (XeSW480/KrasRz) was significantly 
decreased in nude mice (P< 0.05, Fisher's exact test). Tumour volume of the 
xenografts XeSW480/KrasRz was significantly smaller than that of 
XeSW480/DisKrasRz (P< 0.01, Dunne tt ' s test). Gene expression of VEGF 
was suppressed in SW480/KrasRz , while TSP1 gene expression was enhanced. 
The SW480/KrasRz cells showed apoptosis -related features including nuclear 
condensation and DNA fragmentation. These results suggested that the 
hammerhead ribozyme -mediated inactivation of the mutated K-ras mRNA 
induced growth suppression, apoptosis and alteration of angiogenic factor 
expression. Copyright 2 000 Cancer Research Campaign. 
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Hammerhead -type ribozymes are often utilized to suppress the expression 
of target genes. We evaluated the efficacy of an anti-vascular endothelial 
growth factor (VEGF) hammerhead- type ribozyme against GUC at 
exon 1 of the VEGF gene in a cell-free system (in vitro) as well as 
in the hepatocellular carcinoma cell line HLF (in vivo) . The anti- 
VEGF ribozyme (alphaVRz) specifically cleaved synthetic 
VEGF RNA substrate, but not other triplet sequences of VEGF RNA 
substrate in vitro. When the alphaVRz was introduced into HLF cells, the 
ribozyme suppressed not only VEGF mRNA level but also that of 
VEGF protein. These results suggest that this ribozyme 

selectively inhibits VEGF gene expression in human hepatocellular 
carcinoma cells. 
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The potential acute toxicity of a ribozyme (ANGIOZYME) targeting 
the flt-1 vascular endothelial growth factor (VEGF) receptor mRNA was 
evaluated in cynomolgus monkeys following i.v. infusion or s.c. injection. 
ANGIOZYME was administered as a 4-hour i.v. infusion at doses of 10, 30, or 
100 mg/kg or a s.c. bolus at 100 mg/kg. End points included blood pressure, 
electrocardiogram (ECG) , clinical chemistry, hematology, complement 
factors, coagulation parameters, and ribozyme plasma concentrations. 
ANGIOZYME was well tolerated, with no drug-associated morbidity or 
mortality. There was no clear evidence of ANGIOZYME -related adverse effects 
in this study. Slight increases in spleen weight and lymphoid hyperplasia 
were observed in several animals. However, these changes were not dose 
dependent. Steady- state concentrations of ANGIOZYME were achieved during 
the 4-hour infusion of 10, 30, or 100 mg/kg. Dose -dependent elimination of 
ANGIOZYME was observed, with faster clearance at the two highest doses. 
ANGIOZYME was slowly absorbed after s.c. administration, resulting in 
steady-state concentrations for the 9-hour sampling period. Monkeys in this 
toxicology study received significant plasma ANGIOZYME exposure by both the 
s.c. and i.v. routes. 
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Chemically stabilized hammerhead ribozymes are nuclease-resistant , 
RNA-based oligonucleotides that selectively bind and cleave specific target 
RNAs . Due to their potential for specifically inhibiting gene expression, 
ribozymes are being investigated for therapeutic applications as well as 
for the elucidation of gene function. In particular, we have investigated 
ribozymes that target the mRNA of the vascular endothelial growth factor ( 
VEGF) receptors because VEGF signaling is an important mediator 
of tumor angiogenesis and metastasis* Here we report pharmacodynamic 
studies testing anti-Flt-1 (VEGFR-1) and anti-KDR (VEGFR-2 ) ribozymes in 
animal models of solid tumor growth and metastasis. Ribozymes targeting 
either Flt-1 or KDR significantly inhibited primary tumor growth in a 
highly metastatic variant of Lewis lung carcinoma. However, only treatment 
with the anti-Flt-1 ribozyme resulted in a statistically significant 
and dose -dependent inhibition of lung metastasis in this model. The 
anti-Flt-1 ribozyme was then tested in a xenograft model of human 
metastatic colorectal cancer in which significant inhibition of liver 
metastasis was observed. Taken together, these data represent the first 
demonstration that synthetic ribozymes targeting VEGF receptor mRNA 
reduced the growth and metastasis of solid tumors in vivo. 
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Scatter f actor/hepatocyte growth factor (SF/HGF) is a pleiotrophic 
cytokine that stimulates motility and invasion of several cancer cell types 
and induces angiogenesis. Its receptor MET is a transmembrane tyrosine 
kinase encoded by the C-MET proto- oncogene . To assess the potential 
relevance of SF/HGF in gliomas we performed functional studies in vivo and 
in vitro, expression analyses and correlative studies. We showed that both 
SF/HGF and MET are expressed in gliomas in vivo and are upregulated during 
transition from low grade to malignant glioma. When SF/HGF cDNA was 
transfected into glioma cells that expressed the MET receptor the cells 
formed considerably larger and more vascularized intracranial tumors in 
vivo than SF/HGF negative control clones. In other glioma cells, which 



constitutively expressed both SF/HGF and MET, we abolished SF/HGF 
expression by antisense ribozyme -targeting, which led to a 
significant decrease in tumorigenicity and tumor growth. In vitro SF/HGF 
strongly stimulated glioma cell motility and to a lesser degree 
proliferation. SF/HGF also strongly increased endothelial cell motility in 
vitro and extracts of tumors derived from SF/HGF-transf ected glioma cells 
were more mitogenic for endothelial cells and more angiogenic in the rat 
cornea angiogenesis assay than extracts from control tumors. In a 
three-dimensional in vitro angiogenesis assay basic fibroblast growth 
factor (bFGF) was found to synergize with either SF/HGF or vascular 
endothelial growth factor (VEGF ) in inducing endothelial 
capillary-like tubes, whereas neither SF/HGF nor VEGF alone or in 
combination were effective. Interestingly, while both VEGF and SF/HGF 
levels appeared to be increased in malignant gliomas compared with low 
grade ones, this was not the case for bFGF of which biologically relevant 
levels were already present in low grade gliomas. It thus seems that bFGF 
alone is insufficient to induce angiogenesis in gliomas but may act 
synergistically with either VEGF and/or SF/HGF when these become 
upregulated during malignant progression. In conclusion, we showed that 
SF/HGF may contribute to glioma progression by stimulating tumor 
invasiveness, proliferation and neovascularization. 
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Vascular endothelial growth factor (VEGF) is a growth factor that 
contributes to the angiogenesis of developing tumors. To interfere with the 
action of VEGF, a nuclease-stabilized ribozyme, ANGIOZYME, has 
been developed against VEGF receptor subtype Flt-1 mRNA. To determine 
which routes of administration would be useful for systemic delivery of 
this ribozyme, a dose of 30 mg/kg [32P] ANGIOZYME was administered as 
an i.v., i.p., or s.c. bolus. Concentrations of ANGIOZYME in plasma, femur, 
kidney, liver, and lung were examined. ANGIOZYME was well absorbed after 
i.p. (90%) or s.c. administration (77%), with peak plasma concentrations 
occurring 30 minutes after dosing. Total body clearance after a single dose 
of 30 mg/kg ANGIOZYME was 20 ml/min/kg, and the elimination half-life was 
33 minutes. The apparent volume of distribution at steady-state ranged from 
0.5 to 1.3 L/kg. ANGIOZYME was detected in the four tissues examined 
through the 3 hour sampling period after i.v. or i.p. administration. After 
s.c. administration, ANGIOZYME was detected in femur, kidney, and lung but 
not in the liver. The highest concentrations of ANGIOZYME were found in 
kidney and femur with all three routes. Because of the rapid and extensive 
absorption after extravascular injections, either i.p. or s.c. 
administration could be considered for use in pharmacodynamic studies 
examining the effects of ANGIOZYME or other ribozymes with similar chemical 
modifications . 
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Glioblastoma multiforme is one of the most highly vascularized solid 
neoplasms, therefore treatments that target neovascularization process 
would be of great clinical importance. Studies of glioblastoma angiogenesis 
have revealed that expression of the vascular endothelial growth factor { 
VEGF ) is up-regulated in these tumors. Previous reports have shown 
that down-regulation of VEGF correlates with modification in the 
glioma growth. To examine this phenomenon further, in this study we 
constructed two hammerhead ribozymes (RZI and RZII) to target the 5' common 
region of VEGF mRNA. Both ribozymes exhibited site-specific cleavage 
to a 318 -nucleotide VEGF transcript and showed a high digestion 
efficiency in vitro (65-95%) . After the transfection of glioma cells with 
two expression vectors carrying the ribozyme sequence, Northern blot 
analyses detected high levels of ribozyme expression. Treatment of 
the glioma cells with the ribozymes resulted in a reduction in VEGF 
mRNA in six of eight clones. Furthermore, the anti-VEGF effect was 
confirmed at protein level. Thus, enzyme-linked immunoabsorbent analyses 
(ELISA) showed a >70% reduction in the VEGF165 expression level. These 
results indicate that hammerhead ribozymes may be useful in down -regulating 
VEGF expression and suggest that anti-VEGF strategies may be 
used to potentiate other gene therapies targeting tumor suppressor genes. 
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AUTHOR ADDRESS: (a)Ribozyme Pharmaceuticals, Inc., 2950 Wilderness Place, 

Boulder, CO, 80301**USA 
JOURNAL: Journal of Clinical Pharmacology 40 (12 Part 2) :pl462-1469 
December, 2000 
MEDIUM: print 
ISSN: 0091-2700 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: The pharmacokinetics and tolerability of a chemically stabilized 
synthetic ribozyme (ANGIOZYMETM) targeting the Flt-1 VEGF 
receptor mRNA were evaluated in healthy volunteers. In a 
placebo-controlled, single-dose escalation study, ribozyme was 
administered as a 4 -hour IV infusion of 10 or 3 0 mg/m2 or as a SC bolus 
of 2 0 mg/m2 . Peak ribozyme plasma concentrations of 1.5 and 3.8 
mug/mL were observed after the 10 and 3 0 mg/m2 IV infusions, 
respectively. When normalized to dose, AUC values as well as peak 
concentrations increased proportionally as the dose was increased from 10 
to 30 mg/m2 . Peak concentrations of 0.9 mug/mL were observed 
approximately 3.25 hours after a 20 mg/m2 SC bolus of ribozyme. The 
dose-normalized AUCs obtained after SC dosing were compared to the mean 
dose-normalized AUC after IV dosing to estimate an absolute SC 
bioavailability (f) of approximately 69%. An average elimination 
half-life of 28 to 40 minutes was observed after IV administration, which 
increased to 209 minutes after SC administration. Only 4 of 12 reported 
adverse events were possibly related to administration of ribozyme 
(headache and somnolence) . Thus, ribozyme administration was well 
tolerated after a single 4-hour IV infusion of up to 30 mg/m2 or a single 
SC bolus of 2 0 mg/m2. 
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12641508 BIOSIS NO. : 200000395010 

Acute toxicology and pharmacokinetic assessment of a ribozyme 




(ANGIOZYMETM) targeting vascular endothelial growth factor receptor mRNA 

in the cynomolgus monkey. 
AUTHOR: Sandberg Jennifer A(a) ; Sproul Christopher D; Blanchard Karin S; 

Bellon Laurent; Sweedler David; Powell James A; Caputo Florence A; 

Kornbrust Douglas J; Parker Vann P; Parry Tom J; Blatt Lawrence M 
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2000 

MEDIUM: print 
ISSN: 1087-2906 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: The potential acute toxicity of a ribozyme (ANGIOZYMETM) 
targeting the flt-1 vascular endothelial growth factor (VEGF) 
receptor mRNA was evaluated in cynomolgus monkeys following i.v. infusion 
or s.c. injection. ANGIOZYME was administered as a 4 -hour i.v. infusion 
at doses of 10, 30, or 100 mg/kg or a s.c. bolus at 100 mg/kg. End points 
included blood pressure, electrocardiogram (ECG) , clinical chemistry, 
hematology, complement factors, coagulation parameters, and 
ribozyme plasma concentrations. ANGIOZYME was well tolerated, with 
no drug-associated morbidity or mortality. There was no clear evidence of 
ANGIOZYME-related adverse effects in this study. Slight increases in 
spleen weight and lymphoid hyperplasia were observed in several animals. 
However, these changes were not dose dependent. Steady- state 
concentrations of ANGIOZYME were achieved during the 4 -hour infusion of 
10, 30, or 100 mg/kg. Dose -dependent elimination of ANGIOZYME was 
observed, with faster clearance at the two highest doses. ANGIOZYME was 
slowly absorbed after s.c. administration, resulting in steady-state 
concentrations for the 9 -hour sampling period. Monkeys in this toxicology 
study received significant plasma ANGIOZYME exposure by both the s.c. and 
i.v. routes. 
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Ribozyme against VEGF expression inhibited tumor growth in nude 
mice . 

AUTHOR: Ke Li Dao(a); Shi Yue-Xi(a); Yung WK Alfred(a) 

AUTHOR ADDRESS: (a)M D Anderson Cancer Ctr, Houston, TX**USA 

JOURNAL: Proceedings of the American Association for Cancer Research Annual 

Meeting (41) :p568 March, 2000 

CONFERENCE/MEETING: 91st Annual Meeting of the American Association for 

Cancer Research. San Francisco, California, USA April 01-05, 2000 

ISSN: 0197-016X 

RECORD TYPE: Citation 

LANGUAGE: English 

SUMMARY LANGUAGE: English 
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12484851 



BIOSIS NO.: 200000238353 



Evaluation of the toxicity and pharmacokinetics of a ribozyme 
targeting VE6F receptor Flt-1 mRNA (ANGIOZYMETM) in mice and 
monkeys . 

AUTHOR: Sandberg J A(a) ; Ivens I A; Leibbrandt M E I; Samara E; Wolfgang G 

H I; Todd M D 
AUTHOR ADDRESS: (a) Chiron Corp, Emeryville, CA**USA 

JOURNAL: Proceedings of the American Association for Cancer Research Annual 
Meeting (41) :p327 March, 2000 

CONFERENCE /MEETING: 91st Annual Meeting of the American Association for 

Cancer Research. San Francisco, California, USA April 01-05, 2000 

ISSN: 0197-016X 

RECORD TYPE: Citation 

LANGUAGE: English 

SUMMARY LANGUAGE: English 
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Bioactivity of anti- angiogenic ribozymes targeting Flt-1 and KDR mRNA. 
AUTHOR: Parry Tom J; Cushman Cynthia; Gallegos Anna M; Agrawal Arun B; 

Richardson Michele; Andrews Lori E; Maloney Lara; Mokler Victor R; 

Wincott Francine E; Pavco Pamela A (a) 
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Boulder, CO, 803 01**USA 
JOURNAL: Nucleic Acids Research 27 (13) :p2569-2577 July 1, 1999 
ISSN: 0305-1048 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: Vascular endothelial growth factor (VEGF) and its receptors 
Flt-1 and KDR play important roles in physiological and pathological 
angiogenesis . Ribozymes that target the VEGF receptor mRNAs were 
developed and their biological activities in cell culture and an animal 
model were assessed. Ribozymes targeting Flt-1 or KDR mRNA sites reduced 
VEGF-induced proliferation of cultured human vascular endothelial 
cells and specifically lowered the level of Flt-1 or KDR mRNA present in 
the cells. Anti-Fit- 1 and KDR ribozymes also exhibited anti -angiogenic 
activity in a rat corneal pocket assay of VEGF-induced 
angiogenesis. This report illustrates the anti -angiogenic potential of 
these ribozymes as well as their value in studying VEGF receptor 
function in normal and pathophysiologic states. 
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Pharmacokinetics of an antiangiogenic ribozyme (ANGIOZYME (R) ) in the 
mouse . 

AUTHOR: Sandberg Jennifer A(a); Bouhana Karyn S; Gallegos Anna M; Agrawal 
Arun B; Grimm Susan L; Wincott Francine E; Reynolds Mark A; Pavco Pamela 
A; Parry Tom J 
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Boulder, CO, 80301* *USA 
JOURNAL: Antisense & Nucleic Acid Drug Development 9 (3) :p271-277 June, 
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ISSN: 1087-2906 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: Vascular endothelial growth factor (VEGF) is a growth 

factor that contributes to the angiogenesis of developing tumors. To 
interfere with the action of VEGF # a nuclease- stabilized 
ribozyme, ANGIOZYME (R) , has been developed against VEGF 

receptor subtype Flt-1 mRNA. To determine which routes of administration 
would be useful for systemic delivery of this ribozyme, a dose of 
30 mg/kg (32P) ANGIOZYME (R) was administered as an i.v., i«p., or s.c. 
bolus. Concentrations of ANGIOZYME (R) in plasma, femur, kidney, liver, 
and lung were examined. ANGIOZYME (R) was well absorbed after i.p. (90%) 
or s.c. administration (77%), with peak plasma concentrations occurring 
30 minutes after dosing. Total body clearance after a single dose of 3 0 
mg/kg ANGIOZYME (R) was 20 ml/min/kg, and the elimination half -life was 33 
minutes. The apparent volume of distribution at steady-state ranged from 

0. 5 to 1.3 L/kg. ANGIOZYME (R) was detected in the four tissues examined 
through the 3 hour sampling period after i.v. or i.p. administration. 
After s.c. administration, ANGIOZYME (R) was detected in femur, kidney, 
and lung but not in the liver. The highest concentrations of ANGIOZYME (R) 
were found in kidney and femur with all three routes. Because of the 
rapid and extensive absorption after extravascular injections, either 

1. p. or s.c. administration could be considered for use in 
pharmacodynamic studies examining the effects of ANGIOZYME (R) or other 
ribozymes with similar chemical modifications. 

1999 



2/3,AB/23 (Item 9 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2003 BIOSIS. All rts . reserv. 

12030188 BIOSIS NO.: 199900310707 

Bioactivity of antiangiogenic ribozymes targeting VEGF receptor mRNA. 
AUTHOR: Pavco Pamela (a); Cushman Cynthia; Sandberg Jennifer (a) ; Blatt 

Lawrence (a); Tressler Robert; Parry Tom (a) 
AUTHOR ADDRESS: (a)Ribozyme Pharmaceuticals, Inc., Boulder, CO**USA 
JOURNAL: FASEB Journal 13 (7) :pA1320 April 23, 1999 
CONFERENCE / MEET ING : Annual Meeting of the American Societies for 
Experimental Biology on Biochemistry and Molecular Biology 99 San 
Francisco, California, USA May 16-20, 1999 
SPONSOR: American Societies for Experimental Biology 
ISSN: 0892-6638 
RECORD TYPE: Citation 
LANGUAGE: English 
1999 



2/3,AB/24 (Item 10 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2003 BIOSIS. All rts. reserv. 

11416102 BIOSIS NO.: 199800197434 

Pharmacokinetics of a VEGF receptor targeted ribozymes (RPI.4610) in 
the mouse. 

AUTHOR: Sandberg J A; Bouhana K S; Gallegos A M; Agrawal A; Grimm S; 

McOl lough D; Parry T J 
AUTHOR ADDRESS: Ribozyme Pharmaceuticals Inc., Boulder, CO 80301**USA 
JOURNAL: Proceedings of the American Association for Cancer Research Annual 



Meeting 39p524 March, 1998 

CONFERENCE /MEETING : 89th Annual Meeting of the American Association for 

Cancer Research New Orleans, Louisiana, USA March 28 -April 1, 1998 

SPONSOR: American Association for Cancer Research 

ISSN : 0197-016X 

RECORD TYPE: Citation 

LANGUAGE: English 

1998 



2/3,AB/25 (Item 11 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2003 BIOSIS. All rts . reserv. 

11413194 BIOSIS NO. : 199800194526 

Antitumor and antimetastatic efficacy of a ribozyme targeting Fit-1 

VEGF receptor mRNA. 
AUTHOR: Parry T J(a); Bouhana K; Gallegos A M; Speirer K S ; Agrawal A; 

Pitot P; Tressler R J; Jensen K; Grimm S; McCollough D; Reynolds M A; 

Pavco P 

AUTHOR ADDRESS: (a)Ribozyme Pharm. Inc., Boulder, CO 80301**USA 

JOURNAL: Proceedings of the American Association for Cancer Research Annual 

Meeting 39p96 March, 1998 

CONFERENCE/MEETING: 89th Annual Meeting of the American Association for 

Cancer Research New Orleans, Louisiana, USA March 28 -April 1, 1998 

SPONSOR: American Association for Cancer Research 

ISSN: 0197-016X 

RECORD TYPE: Citation 

LANGUAGE : Eng 1 i sh 

1998 



2/3,AB/26 (Item 12 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2003 BIOSIS. All rts. reserv. 

10355733 BIOSIS NO. : 199698810651 

Molecular modulation of vascular endothelial growth factor (VEGF) 

expression in glioma cells by a ribozyme. 
AUTHOR: Ke L C; Chen X S; Steck P A; Yung W K A 

AUTHOR ADDRESS: Univ. Texas M.D. Anderson Cancer Cent., Houston, TX**USA 
JOURNAL: Proceedings of the American Association for Cancer Research Annual 
Meeting 37 (0) :p60 1996 

CONFERENCE/MEETING: 87th Annual Meeting of the American Association for 

Cancer Research Washington, D.C., USA April 20-24, 1996 

ISSN: 0197-016X 

RECORD TYPE: Citation 

LANGUAGE: English 

1996 



t 

=> s 120 and (deliver? (p) (ribozyme or antisense) ) 



327194 


DELIVER? 


976 


RIBOZYME 


967 


RIBOZYMES 


1241 


RIBOZYME 




(RIBOZYME OR RIBOZYMES) 


4886 


ANTISENSE 


1 


ANTISENSES 


4886 


ANTISENSE 




(ANTISENSE OR ANTISENSES) 


1070 


DELIVER? (P) (RIBOZYME OR ANTISENSE) 


19 


L20 AND (DELIVER? (P) (RIBOZYME OR ANTISENSE)) 



=> d ti,ab 1-19 



US PAT NO: 5,840,710 [IMAGE AVAILABLE] L21: 1 of 19 

TITLE; Cationic amphiphiles containing ester or ether-linked 

lipophilic groups for intracellular delivery of 

therapeutic molecules 

ABSTRACT : 

Novel cationic amphiphiles are provided that facilitate transport of 
biologically active (therapeutic) molecules into cells. The amphiphiles 
contain lipophilic groups derived from steroids, from mono or 
dialkylamines, or from alkyl or acyl groups; and cationic groups, 
protonatable at physiological pH, derived from amines, alkylamines or 
polyalkylamines . There are provided also therapeutic compositions 
prepared typically by contacting a dispersion of one or more cationic 
amphiphiles with the therapeutic molecules. Therapeutic molecules that 
can be delivered into cells according to the practice of the 
invention include DNA, KNA, and polypeptides. Representative uses of 
the therapeutic compositions of the invention include providing gene 
therapy, and delivery of antisense polynucleotides or 

biologically active polypeptides to cells. With respect to therapeutic 
compositions for gene therapy, the DNA is provided typically in the form 
of a plasmid for completing with the cationic amphiphile. 
Novel and highly effective plasmid constructs are also disclosed, 
including those that are particularly effective at providing gene therapy 
for clinical conditions complicated by inflammation. Additionally, 
targeting of organs for gene therapy by intravenous administration of 
therapeutic compositions is described. 

US PAT NO: 5,783,565 [IMAGE AVAILABLE] L21: 2 of 19 

TITLE: Cationic amphiphiles containing spermine or spermidine 

cationic group for intracellular delivery of 

therapeutic molecules 

ABSTRACT : 

Novel cationic amphiphiles are provided that facilitate transport of 
biologically active (therapeutic) molecules into cells. The amphiphiles 
contain lipophilic groups derived from steroids, from mono or 
dialkylamines, or from alkyl or acyl groups; and cationic groups, 
protonatable at physiological pH, derived from amines, alkylamines or 
polyalkylamines. There are provided also therapeutic compositions 
prepared typically by contacting a dispersion of one or more cationic 
amphiphiles with the therapeutic molecules. Therapeutic molecules that 
can be delivered into cells according to the practice of the 



invention include DNA, and polypeptides. Representative uses of 

the therapeutic composi^Ms of the invention include pr^piing gene 
therapy, and delivery of antisense polynucleotides or 

biologically active polypeptides to cells. With respect to therapeutic 
compositions for gene therapy, the DNA is provided typically in the form 
of a plasmid for complexing with the cationic amphiphile. 
Novel and highly effective plasmid constructs are also disclosed, 
including those that are particularly effective at providing gene therapy 
for clinical conditions complicated by inflammation. Additionally, 
targeting of organs for gene therapy by intravenous administration of 
therapeutic compositions is described. 

US PAT NO: 5,767,099 [IMAGE AVAILABLE] L21: 3 of 19 

TITLE: Cationic amphiphiles containing amino acid or dervatized 

amino acid groups for intracellular delivery of 

therapeutic molecules 



ABSTRACT : 

Novel cationic amphiphiles are provided that facilitate transport of 
biologically active (therapeutic) molecules into cells. The amphiphiles 
contain lipophilic groups derived from steroids, from mono or 
dialkylamines, or from alkyl or acyl groups; and cationic groups, 
protonatable at physiological pH, derived from amines, alkylamines or 
polyalkylamines. There are provided also therapeutic compositions 
prepared typically by contacting a dispersion of one or more cationic 
amphiphiles with the therapeutic molecules. Therapeutic molecules that 
can be delivered into cells according to the practice of the 
invention include DNA, RNA, and polypeptides. Representative uses of 
the therapeutic compositions of the invention include providing gene 
therapy, and delivery of antisense polynucleotides or 

biologically active polypeptides to cells. With respect to therapeutic 
compositions for gene therapy, the DNA is provided typically in the form 
of a plasmid for complexing with the cationic amphiphile. Novel and 
highly effective plasmid constructs are also disclosed, including those 
that are particularly effective at providing gene therapy for clinical 
conditions complicated by inflammation. Additionally, targeting of organs 
for gene therapy by intravenous administration of therapeutic 
compositions is described. 

US PAT NO: 5,767,073 [IMAGE AVAILABLE] L21: 4 of 19 

TITLE: D4 gene and methods of use thereof 



ABSTRACT * 

The sequence, molecular structure and expression of a cDNA clone, denoted 
D4, of human and murine origin, preferentially expressed in hematopoietic 
cells is described herein. The human cDNA clone has been expressed in 
bacteria and the predicted 24 Kd protein purified. The protein has been 
used in studies of its biochemical function. As predicted on the basis of 
sequence, D4 can function as a GDP-dissociation inhibitor of at least 
several small GTP-binding proteins (CDC42 and rac) . The D4 protein was 
used to generate a polyclonal antibody specific for the protein. The 
human cDNA was used to obtain several full length murine genomic clones. 
A clone has been analyzed and sequenced to use for the construction of a 
gene-targeting vector to produce animals deficient in D4 through 
disruption of the gene by homologous recombination. These animals can 
then be used as models for fundamental and applied research on the 
GTP-binding proteins. 

US PAT NO: 5,747,471 [IMAGE AVAILABLE] L21: 5 of 19 

TITLE: Cationic amphiphiles containing steroid lipophilic groups 

for intracellular delivery of therapeutic molecules 



ABSTRACT : 

Novel cationic amphiphiles are provided that facilitate transport of 
biologically active (therapeutic) molecules into cells. The amphiphiles 



contain lipophilic groua^derived from steroids, from moj^^or 
dialkylamines, or f rom ^Ber or ester-linked alkyl group^Jand cationic 
groups, protonatable at physiological pH, derived from amines, 
alkylamines or polyalkylamines . There are provided also therapeutic 
compositions prepared typically by contacting a dispersion of one or more 
cationic amphiphiles with the therapeutic molecules. Therapeutic 
molecules that can be delivered into cells according to the practice 
of the invention include DNA, RNA, and polypeptides. Representative 
uses of the therapeutic compositions of the invention include providing 
gene therapy, and delivery of antisense polynucleotides or 
biologically active polypeptides to cells. With respect to therapeutic 
compositions for gene therapy, the DNA is provided typically in the form 
of a plasmid for complexing with the cationic amphiphile. Novel and 
highly effective plasmid constructs are also disclosed, including those 
that are particularly effective at providing gene therapy for clinical 
conditions complicated by inflammation. 

US PAT NO: 5,738,985 [IMAGE AVAILABLE] L21: 6 of 19 

TITLE: Method for selective inactivation of viral replication 

ABSTRACT: 

Method for screening for an antiviral agent, by determining whether a 
potential agent interacts with a virus or cellular component which allows 
or prevents preferential translation of a virus RNA compared to a host 
RNA under virus infection conditions; and determining whether any 
interaction of the agent with the component reduces the level of 
translation of an RNA of the virus. 

US PAT NO: 5,719,131 [IMAGE AVAILABLE] L21: 7 of 19 

TITLE: Cationic amphiphiles containing dialkylamine lipophilic 

groups for intracellular delivery of therapeutic 

molecules 

ABSTRACT : 

Novel cationic amphiphiles are provided that facilitate transport of 
biologically active (therapeutic) molecules into cells. The amphiphiles 
contain lipophilic groups derived from steroids, from mono or 
dialkylamines, or from alkyl or acyl groups; and cationic groups, 
protonatable at physiological pH, derived from amines, alkylamines or 
polyalkylamines. There are provided also therapeutic compositions 
prepared typically by contacting a dispersion of one or more cationic 
amphiphiles with the therapeutic molecules. Therapeutic molecules that 
can be delivered into cells according to the practice of the 
invention include DNA, RNA, and polypeptides. Representative uses of 
the therapeutic compositions of the invention include providing gene 
therapy, and delivery of antisense polynucleotides or 

biologically active polypeptides to cells. With respect to therapeutic 
compositions for gene therapy, the DNA is provided typically in the form 
of a plasmid for complexing with the cationic amphiphile. Novel and 
highly effective plasmid constructs are also disclosed, including those 
that are particularly effective at providing gene therapy for clinical 
conditions complicated by inflammation. Additionally, targeting of organs 
for gene therapy by intravenous administration of therapeutic 
compositions is described. 

US PAT NO: 5,705,385 [IMAGE AVAILABLE] L21: 8 of 19 

TITLE: Lipid-nucleic acid particles prepared via a hydrophobic 

lipid-nucleic acid complex intermediate and use for gene 

transfer 

ABSTRACT : 

Novel, hydrophobic lipid-nucleic acid complexes. The complexes are 
charge-neutralized and contain the nucleic acid in a non-condensed form. 
Manipulation of these complexes in either detergent-based or organic 
solvent-based systems leads to particle formation. Thus, the present 



invention also provide s^^thods of preparing lipid-nuclM^ acid particles 
which are useful for tl^^herapeutic delivery of nucleic^Pids . The 

particles are constructed via hydrophobic lipid-nucleic acid 
intermediates (or complexes) . Upon removal of a solubilizing component 
(i.e., detergent or an organic solvent) the nucleic acid forms a particle 
with lipids and is protected from degradation. The particles thus formed 
are suitable for use in intravenous nucleic acid transfer as they are 
stable in circulation, of a size required for pharmacodynamic behavior 
resulting in access to extravascular sites and target cell populations. 

US PAT NO: 5,674,911 [IMAGE AVAILABLE] L21: 9 of 19 

TITLE: Antiinfective polyoxypropylene/polyoxyethylene copolymers 

and methods of use 

ABSTRACT: 

The present invention comprises novel preparations of 

polyoxypropylene/polyoxyethylene copolymers which retain the therapeutic 
activity of the commercial preparations, but substantially reduce the 
undesirable effects which are inherent in the prior art preparations. 
Because the preparations of polyoxypropylene/polyoxyethylene copolymers 
which comprise the present invention are a less polydisperse population 
of molecules than the prior art polyoxypropylene/polyoxyethylene 
copolymers, the biological activity of the copolymers is better defined 
and more predictable and the cardiotoxicity inherent in the native 
copolymers is substantially reduced. 

US PAT NO: 5,627,270 [IMAGE AVAILABLE] L21: 10 of 19 

TITLE: Glycosylated steroid derivatives for transport across 

biological membranes and process for making and using 

same 

ABSTRACT : 

Novel glycosylated steroid derivatives for facilitating the transport of 
compounds across biological membranes, either in admixture or as 
conjugates, are disclosed. A novel process for efficient synthesis of 
these glycosylated steroid derivatives, using activated glycosyl 
sulfoxide intermediates is provided. Methods for the permeabilization of 
membranes and the enhancement of the activity of predetermined compounds 
are also provided. 

US PAT NO: 5,622,712 [IMAGE AVAILABLE] L21: 11 of 19 

TITLE: N- [ . omega., (. omega . -1 ) -dialkyloxy] - and N- [ . omega., 

( . omega . -1) -dialkenyloxy] -alk-l-yl-N, N, 
N-tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT: 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4, 
R.sup.5 are the same or different and are alkyl of 1 to 8 carbon atoms, 
aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of R.sup.3, 
R.sup.4, and R.sup.5 are taken together to form quinuclidino, piperidino, 
pyrrolidine or morpholino; n is 1 to 8; and X is a pharmaceutically 
acceptable anion. 

US PAT NO: 5,585,478 [IMAGE AVAILABLE] L21: 12 of 19 

TITLE; D4 gene and methods of use thereof 

ABSTRACT: 

The sequence, molecular structure and expression of a cDNA clone, denoted 
D4, of human and murine origin, preferentially expressed in hematopoietic 
cells is described herein. The human cDNA clone has been expressed in 
bacteria and the predicted 24 Kd protein purified. The protein has been 
used in studies of its biochemical function. As predicted on the basis of 
sequence, D4 can function as a GDP-dissociation inhibitor of at least 



several small GTP-bindio^proteins (CDC42 and rac) . The U^protein was 
used to generate a poly^Hbal antibody specific for the ^Mtein. The 

human cDNA was used to obtain several full length murine^enomic clones. 
A clone has been analyzed and sequenced to use for the construction of a 
gene-targeting vector to produce animals deficient in D4 through 
disruption of the gene by homologous recombination. These animals can 
then be used as models for fundamental and applied research on the 
GTP-binding proteins. 

US PAT NO: 5, 550, 289 [IMAGE AVAILABLE] L21: 13 of 19 

TITLE: N-(l, ( 1-1 ) -dialkyloxy) -and N-(l, (1-1) -dialkenyloxy 

alk-l-yl-N-N, N-tetrasubstituted ammonium lipids and 

uses therefor 

ABSTRACT : 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R.sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 
R.sup.3, R.sup.4, and R.sup.5 are taken together to form quinuclidino, 
piperidino, pyrrolidino, or morpholino; n is 1 to 8; and X is a 
pharmaceutically acceptable anion. 

US PAT NO: 5,545,412 [IMAGE AVAILABLE] L21: 14 of 19 

TITLE: N-[l, ( 1- 1 ) -dialkyloxy ] -and N-[l, { 1-1 ) -dialkenyloxy] -alk- 

1-yl-n, n, n-tetrasubstituted ammonium lipids and uses 

therefor 

ABSTRACT: 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R.sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 
R.sup.3, R.sup.4, and R.sup.5 are taken together to form quinuclidino, 
piperidino, pyrrolidino, or morpholino, n is 1 to 8; and X is a 
pharmaceutically acceptable anion. 
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TITLE: N- [. omega .,{. omega . -1) -dialkyloxy] - and 

N- [ . omega . , ( . omega . -1 ) -dialkenyloxy] -alk-l-yl-N, N, N, - 
tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT: 

This invention relates to compounds of the formula 

or an optical isomer thereof wherein R.sup.l and R.sup.2 are the same or 
different and are an alkyl or alkenyl group of 6 to 24 carbon atoms; 
R.sup.3, R.sup.4 and R.sup.5 are the same or different and are alkyl of 1 
to 8 carbon atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or 
three of R.sup.3, R.sup.4, and R.sup.5 are taken together to form 
quinuclidino, piperidino, pyrrolidino, or morpholino; n is 1 to 8; and X 
is a pharmaceutically acceptable anion. 
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TITLE: N- ( . omega., (. omega . -1 ) -dialkyloxy) - and N- (. omega . , 

( . omega . -1) -dialkenyloxy) -alk-l-yl-N, N, N- 
tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT: 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R*sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 



R.sup.3, R.sup.4, and R^fc>.5 are taken together to f ormJ^Lnuclidino, 
piperidino, pyrrolidino^^t morpholino; n is 1 to 8; and^^Ls a 

pharmaceutically acceptable anion. 
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TITLE: N-. omega. , ( .omega.- 1) -dialkyloxy) - and 

N- ( .omega. , ( . omega . -1) -dialkenyloxy) Alk-l-YL-N, N, N- 
tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT : 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R.sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 
R.sup.3, R.sup.4, and R.sup.5 are taken together to form quinuclidino, 
piperidino, pyrrolidino, or morpholino; n is 1 to 8; and X is a 
pharmaceutically acceptable anion. 
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TITLE: N- (. omega .,(. omega . -1) -dialkyloxy) - and 

N- ( . omega . , ( . omega. -1) -dialkenyloxy) -alk-l-yl-N, N, N- 
tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT : 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R.sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 
R.sup.3, R.sup.4, and R.sup.5 are taken together to form quinuclidino, 
piperidino, pyrrolidine or morpholino; n is 1 to 8; and X is a 
pharmaceutically acceptable anion. 
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TITLE: N [. omega .,(. omega . -1) -dialkyloxy] - and 

N- [ . omega . , ( . omega . -1) -dialkenyloxy] -alk-l-yl-N, N, N- 
tetrasubstituted ammonium lipids and uses therefor 

ABSTRACT : 

This invention relates to compounds of the formula ##STR1## or an optical 
isomer thereof wherein R.sup.l and R.sup.2 are the same or different and 
are an alkyl or alkenyl group of 6 to 24 carbon atoms; R.sup.3, R.sup.4 
and R.sup.5 are the same or different and are alkyl of 1 to 8 carbon 
atoms, aryl, aralkyl of 7 to 11 carbon atoms, or when two or three of 
R.sup.3, R.sup.4, and R.sup.5 are taken together to form quinuclidino, 
piperidino, pyrrolidino, or morpholino; n is 1 to 8; and X is a 
pharmaceutically acceptable anion. 
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US PAT NO: 5,837,283 [IMAGE AVAILABLE] L23: 1 of 2 

TITLE; Cationic lipid compositions targeting angiogenic 

endothelial cells 

ABSTRACT: 

Angiogenic endothelial cells are selectively targeted with lipid/DNA 
complexes or cationic liposomes containing a substance which affects the 
targeted cells by inhibiting or promoting their growth. A site of 
angiogenesis can be precisely located by administering cationic liposomes 
containing a detectable label. The complexes may comprise nucleotide 
constructs which are comprised of promoters which are selectively and 
exclusively activated in the environment of an angiogenic endothelial 
cell. 
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5,776,7 IMAGE AVAILABLE] 

FLT4, a receptor tyrosine kinase 
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ABSTRACT : 

FLT4 gene, expression systems and proteins are provided for use in 
diagnosis and treatment of conditions related to the tyrosine kinase 
receptor encoded by the FLT4 gene. 
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Transcription factors Spl and Sp3 alter vascular endothelial 
growth factor receptor expression through a novel 
recognition sequence. 

Hata Y; Duh E; Zhang K; Robinson GS; Aiello LP 

Research Division, Joslin Diabetes Center, Boston, Massachusetts 02215, 
USA. 

J Biol Chem (UNITED STATES) Jul 24 1998, 273 (30} pl9294-303, ISSN 
0021-9258 Journal Code: HIV 

Contract/Grant No.: EY-10827, EY, NEI 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

Kinase domain receptor (KDR) is a high affinity, endothelial 
cell-specific, autophosphorylating tyrosine kinase receptor for vascular 
endothelial growth factor. This transcriptionally regulated receptor is a 
critical mediator of endothelial cell (EC) growth and vascular development. 
In this study, we identify a DNA element modulating KDR promoter activity 
and evaluate the nuclear binding proteins accounting for a portion of the 
cell-type specificity of the region. KDR promoter luciferase activity was 
retained within -8S/+296 and was 10-30-fold higher in EC than non-EC. 
Electrophoretic mobility shift assays demonstrated specific nuclear protein 
binding to -85/-64, and single point mutations suggested important binding 
nucleotides between -79/-68 with five critical bases between -74/-70 
( 5 ' -CTCCT-3 1 ) . DNA-protein complexes were displaced by Spl consensus 
sequence oligodeoxynucleotides and supershifted by Spl- and Sp3-specific 
antibodies. Spl and Sp3 protein in EC nuclear extracts bound the -79/-68 
region even when all surrounding classic Spl recognition sites were 
removed. Spl protein in nuclear extracts was 4-24-fold higher in EC than 
non-EC, whereas Sp3 was 3-7-fold higher. Spl/Sp3 ratios in EC were 
2-10-fold higher. Overexpression of Spl protein increased KDR promoter 
activity 3-fold in both EC and non-EC, whereas simultaneous co-expression 
of Sp3 attenuated this response. An Spl consensus sequence cis element 
"decoy" reduced EC KDR promoter activity and mRNA expression by 85 and 69%, 
respectively. An antisense phosphorothioate oligodeoxynucleotide to 
Spl inhibited Spl and KDR protein expression by 66 and 68%, respectively, 
without changing Sp3 protein expression. These data illustrate that Spl and 
Sp3 modulate KDR promoter activity through a novel recognition binding 
sequence. However, since Spl-mediated promoter activation is attenuated by 
Sp3, endothelial selective KDR promoter activity may be partially regulated 
by variations in the Spl/Sp3 ratio. 
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Vascular endothelial growth factor receptor 

localization and activation in human trophoblast and choriocarcinoma cells. 
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Smith SK 

Department of Obstetrics and Gynaecology, University of Cambridge, Rosie 
Maternity Hospital, England. 
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Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Vascular endothelial growth factor (VEGF; also known as vascular 
permeability factor) is a secreted angiogenic growth factor. It is highly 
specific for endothelial cells, and its receptor, the fms-like tyrosine 
kinase (fit), has been localized only to endothelial cells in vivo. Here we 
describe the expression of mRNA encoding fit in human trophoblast as 
revealed by in situ hybridization. This mRNA is highly expressed in the 
cytotrophoblast shell and columns and also highly expressed by the 
extravillous trophoblast (EVT) in the maternal decidua both in the first 
trimester and at term. The trophoblast-like choriocarcinoma cell line BeWo 
also expresses this receptor and the related receptor, kinase 
domain-containing receptor (KDR) , which is also a receptor for VEGF. 
Treatment of the cell line BeWo with VEGF165 stimulated 3H-thymidine 
incorporation and tyrosine phosphorylation of MAP (mitogen-activated 
protein) kinase in a time- and dose-dependent fashion. This study is the 
first demonstration of the presence of fit on non-endothelial cells in vivo 
and suggests a role for VEGF in the growth and differentiation of 
cytotrophoblast at implantation. 
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Down-regulation of platelet endothelial cell adhesion molecule-1 results in 
thrombospondin-1 expression and concerted regulation of endothelial cell 
phenotype . 

AUTHOR: Sheibani Nader (a); Frazier William A 

AUTHOR ADDRESS: (a) Dep. Biochem. and Molecular Biophysics, Washington Univ. 
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ABSTRACT: bEND.3 cells are polyoma middle T-transf ormed mouse brain 
endothelial cells that express very little or no thrombospondin-1, a 
natural inhibitor of angiogenesis , but express high levels of platelet 
endothelial cell adhesion molecule-1 (PECAM-1) that localizes to sites of 
cell-cell contact. Here, we have examined the role of PECAM-1 in 
regulation of bEND.3 cell proliferation, migration, morphogenesis, and 
hemangioma formation. We show that down- regulating PECAM-1 expression by 
antisense transfection of bEND.3 cells has a dramatic effect on 
their morphology, proliferation, and morphogenesis on Matrigel. There is 
an optimal level for PECAM-1 expression such that high levels of PECAM-1 
inhibit, whereas moderate levels of PECAM-1 stimulate, endothelial cell 
morphogenesis. The down-regulation of PECAM-1 in bEND.3 cells resulted in 
reexpression of endogenous thrombospondin-1 and its antiangiogenic 
receptor CD36. The expression of the vascular endothelial growth factor 
receptors flk-1 and flt-1, as well as integrins and metalloproteinases 
(which are involved in angiogenesis) , were also affected. These 
observations are consistent with the changes observed in proliferation, 
migration, and adhesion characteristics of the antisense 

-transfected bEND.3 cells as well as with their lack of ability to form 
hemangiomas in mice. Thus, a reciprocal relationship exists between 
thrombospondin-1 and PECAM-1 expression, such that these two molecules 
appear to be constituents of a "switch" that regulates in concert many 
components of the angiogenic and differentiated phenotypes of endothelial 



cells . 
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Antitumor and antimetastatic efficacy of a ribozyme targeting Fit-1 
VEGF receptor mRNA. 
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Cell-surface perturbations of the epidermal growth factor and vascular 
endothelial growth factor receptors by phosphorothioate 
oligodeoxynucleotides . 
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RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: Antisense oligodeoxynucleotides offer potential as 

therapeutic agents to inhibit gene expression. Recent evidence indicates 
that oligodeoxynucleotides designed to target specific nucleic acid 
sequences can interact nonspecif ically with proteins. This report 
describes the interactive capabilities of phosphorothioate 
oligodeoxynucleotides of defined sequence and length with two essential 
protein tyrosine receptors, flk-1 and epidermal growth factor receptor 
(EGFR), and their effects on receptor signaling in a transfected and 
tumor cell line, respectively. Phosphorothioate oligodeoxynucleotides 
bound to the cell surface, as demonstrated by fluorescence-activated 
cell-sorter analyses (FACS), and perturbed receptor activation in the 
presence and absence of cognate ligands, EGF (EGFR) and vascular 
endothelial growth factor (flk-1), in phosphorylation assays. Certain 
phosphorothioate oligodeoxynucleotides interacted relatively selectively 
with flk-1 and partially blocked the binding of specific anti-receptor 
monoclonal antibodies to target sites. They stimulated EGFR 
phosphorylation in the absence of EGF but antagonized ligand-mediated 
activation of EGFR and flk-1. In vivo studies showed that a nonspecific 
phosphorothioate oligodeoxynucleotide suppressed the growth of 
glioblastoma in a mouse model of tumorigenesis . These results emphasize 
the capacity of phosphorothioate oligodeoxynucleotides to interact with 
cells in a sequence-selective non-antisense manner, while 
associating with cellular membrane proteins in ways that can inhibit 
cellular metabolic activities. 
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Possible participation of autocrine and paracrine vascular endothelial 

growth factors in hypoxia-induced proliferation of endothelial cells and 
pericytes . 
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DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Hypoxia is the principal factor that causes angiogenesis . These 
experiments were conducted to explore how it induces the proliferation of 
vascular cells, a key step in angiogenesis. Human umbilical vein 
endothelial cells and bovine retinal pericytes were grown in controlled 
atmosphere culture chambers containing various concentrations of oxygen. 
The numbers of both endothelial cells and pericytes increased 
significantly under hypoxic conditions; the 0-2 concentrations that 
achieved maximal growth promotion were 10% for endothelial cells and 2.5% 
for pericytes. Quantitative reverse transcription-polymerase chain 
reaction analysis revealed that mRNAs coding for the secretory forms of 
vascular endothelial growth factor (VEGF) , a mitogen specific to 
endothelial cells, were present in both endothelial cells and pericytes 
and that their levels increased significantly in the two cell types as 



the atmospheric 0-2 o^^ent ration decreased. The two ^Mps for VEGF 
receptors, kinase m.^P domain-containing receptor {w^tf and fms-like 
tyrosine kinase 1 (fltl), were found to be constitutively expressed in 
endothelial cells, and their relative mRNA levels were ranked in that 
order. On the other hand, only fltl mRNA was detected in pericytes under 
hypoxic conditions. Furthermore, most antisense 

oligodeoxyribonucleotides complementary to VEGF mRNAs efficiently 
inhibited DNA synthesis in endothelial cells cultured under hypoxic 
conditions. These results indicate that autocrine and paracrine VEGFs may 
take part in the hypoxia-induced proliferation of endothelial cells. 
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contrast agents 
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In cystic fibrosis (CF), mutation of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene results in defective transepithelial ion 
transport, leading to life shortening inflammatory lung disease. Before 
lung studies, we tested the safety and efficacy of gene delivery to 
the nasal epithelium of CF patients using pCMV- CFTR -DOTAP cationic 
liposome complex. A single dose of 400 micrograms pCMV-CFTR : 2 . 4 mg 
DOTAP was administered in a randomised, double-blinded fashion to the 
nasal epithelium of eight CF patients, with a further eight receiving 
buffer only. Patients were monitored for signs and symptoms for 2 weeks 
before treatment and 4 weeks after treatment. Inflammatory cells were 
quantified in a nasal biopsy taken 3 days after treatment. There was no 
evidence for excess nasal inflammation, circulating inflammatory markers or 
other adverse events ascribable to active treatment. Gene transfer and 
expression were assayed by the polymerase chain reaction. Transgene DNA was 
detected in seven of the eight treated patients up to 28 days after 
treatment and vector derived CFTR mRNA in two of the seven patients at +3 
and +7 days. Transepithelial ion transport was assayed before and after 
treatment by nasal potential difference during drug perfusion and by SPQ 
fluorescence halide ion conductance. Partial, sustained correction of 
CFTR-related functional changes toward normal values were detected in two 
treated patients. The level of gene transfer and functional correction were 
comparable to those reported previously using adenoviral vectors or another 
DNA-liposome complex, but here were sustained and uncompromised by 
false positives. These results justify further studies with pCMV-CFTR- 
DOTAP aimed at treating CF lung disease. 



18/3,AB/11 (Item 11 from file: 155) 

DIALOG (R) File 155 : MEDLINE ( R ) 

(c) format only 1999 Dialog Corporation. All rts . reserv. 

09033339 97207025 

Pulmonary surfactant inhibits cationic liposome-mediated gene 
delivery to respiratory epithelial cells in vitro. 
Duncan JE; Whitsett JA; Horowitz AD 

Duke University School of Medicine, Durham, NC 27710, USA. 

Hum Gene Ther (UNITED STATES) Mar 1 1997, 8 (4) p431-8, ISSN 
1043-0342 Journal Code: A12 

Contract/Grant No.: HL51832, HL, NHLBI; HL54929, HL, NHLBI 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Cationic lipid-mediated transfection of the alveolar epithelium in vivo 
will require exposure of plasmid DNA and cationic lipids to endogenous 
surfactant lipids and proteins in the alveolar space. Effects of pulmonary 
surfactant and of surfactant constituents on transfection in vitro of two 
respiratory epithelial cell lines (MLE-15 and H441) with a plasmid encoding 
the luciferase reporter gene were studied using two cationic lipid 
formulations : 1 , 2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium 
bromide/cholesterol (DMRIE/C) and 1, 2-dioleoyl-3-trimethylammonium 
propane/dioleoyl phosphatidylethanolamine (DOTAP /DOPE) . Gene 
expression, as assessed by luciferase activity, decreased as increasing 
concentrations of natural surfactant were added to cationic lipid-DNA 
complexes. Incorporation of phospholipids DOPC/DOPG or surfactant proteins 
SP-B or SP-C in the cationic lipid formulation inhibited transfection. A 



fluorescent lipid ng^ing assay was used to detjjmine the effects of 
surfactant proteinsj^p?-B and SP-C on mixing betw^J cationic lipid-DNA 
complexes and surfactant lipid vesicles. Mixing between DOPC/DOPG vesicles 
and cationic lipid-DNA complexes in the absence of added proteins amounted 
to 10-20%. Addition of SP-B or SP-C increased the mixing of DOPC/DOPG 
vesicles with DOTAP/ DOPE -DNA complexes, but not DMRIEC-DNA complexes. 
These results demonstrate that pulmonary surfactant lipids and proteins 
inhibit transfection with cationic lipid-DNA complexes in vitro, and may 
therefore represent a barrier to gene transfer in the lung. 
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We have examined the complement-activating properties of synthetic 
cationic molecules and their complexes with DNA. Commonly used gene 
delivery vehicles include complexes of DNA with polylysine of various 
chain lengths, transf errin-polylysine, a fifth-generation poly {ami doamine) 
(PAMAM) dendrimer, poly ( ethyleneimine ) , and several cationic lipids ( 
DOTAP , DC-Chol/DOPE, DOGS/DOPE, and DOTMA/DOPE ) . These agents 
activate the complement system to varying extents. Strong complement 
activation is seen with long-chain polylysines, the dendrimer, 
poly (ethyleneimine) , and DOGS (half-maximal at about 3 microM amine content 
in the assay used) . Compared to these compounds, the other cationic lipids 
(in liposome formulations) are weak activators of the complement 
system (half-maximal approximately 50-100 microM positive charge in assay) . 
Complement activation by polylysine is strongly dependent on the chain 
length. Short-chain oligolysines are comparable to cationic lipids in their 
activation of complement. Incubation of these compounds with DNA to form 
complexes reduces complement activation in virtually all cases. The degree 
of complement activation by DNA complexes is strongly dependent on the 
ratio of polycation and DNA (expressed as the charge ratio) for polylysine, 
dendrimer, poly ( ethyleneimine ) , and DOGS. To a lesser degree, charge ratio 
also influences complement activation by monovalent cationic lipid-DNA 
complexes. For polylysine-DNA complexes, complement activation can be 
considerably reduced by modifying the surface of preformed DNA complexes 
with polyethyleneglycol (half-maximal approximately 20 microM amine 
content) . The data suggests that, by appropriate formulation of DNA 
complexes, complement activation can be minimized or even avoided. These 
findings should facilitate the search for DNA complex formulations 
appropriate for reproducible intravenous gene delivery. 



18/3,AB/13 (Item 13 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

(c) format only 1999 Dialog Corporation. All rts. reserv. 

08797781 96381784 

Gene transfer in hepatocarcinoma cell lines: in vitro optimization of a 
virus-free system. 
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Many approaches exist for hepatic gene delivery, including viral 
vectors and non-viral vectors. In this study, we tested a panel of 
liposomes to transfer pAGO, a plasmid containing one copy of herpes simplex 
virus (HSVtk) gene, and pYEDll, a plasmid containing two copies of the 
HSVtk gene, into a murine hepatocarcinoma cell line (Hepa 1-6) and a human 
hepatocarcinoma cell line (Hep-G2) . The efficiency of gene delivery 
and expression was characterized by beta-galactosidase staining, flow 
cytometric analysis and quantitative lacZ activity. Different combinations 
of liposomes and DNA and the ratio of the concentration of liposome 
to DNA were tested. The efficient transfer was shown with DOTAP 
followed by transfectam and lipof ectamine . Under these conditions, we 
tested the cytotoxicity of ganciclovir (GCV) exposure on Hepa 1-6 and 
Hep-G2 transfected separately with liposome-pAGO and liposome 
-pYEDll complexes. This study demonstrates the in vitro efficacy of each 
liposome tested to transduce the HSVtk gene into hepatocarcinoma cell 
lines. The transfer of two copies of the HSVtk gene rendered cells 1.5 
times more sensitive to GCV than cells transduced by pAGO as compared to 
controls. This was achieved most efficiently by the DOTAP-pYEDll 
complex. Thus, pYEDll may be considered as an alternative to pAGO as a gene 
transfer vector. 
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Intratracheal administration of plasmid DNA resulted in gene expression 
in mouse airways in the absence of any enhancing agent. Administration of 
plasmid DNA encoding the chloramphenicol acetyltransf erase gene (CAT) in 
sterile water lead to CAT transgene expression that peaked between 1 and 3 
days and was detected up to 28 days after DNA administration. Transgene 
expression was independent of mouse gender, age and strain. Levels of 
expression from DNA in various isotonic solutions did not differ from 
levels obtained with DNA administered in water, suggesting that 
transfection is not dependent on damage to airway cells caused by a 
hypo-osmotic delivery vehicle. Pharmacokinetic studies using 
radiolabeled plasmid DNA showed that DNA was rapidly degraded, while higher 
levels of radioactivity were retained for longer duration following 
administration of cationic liposome -DNA complexes in the airway. 
Southern blot and PCR analysis confirmed that DNA complexed with DOTMA-DOPE 
was retained in the airways for a longer period. However, cationic 
liposomes DOTMA-DOPE (1:1) or DOTAP complexed with DNA, did not 
enhance expression over DNA alone. These results suggest that 'naked' 
plasmid DNA should be included as a control in all studies on intratracheal 
gene delivery using nonviral systems. 
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A beta-galactosidase gene expression construct was used to investigate 
the effectiveness of gene delivery and expression when DNA/ 
liposome complexes were topically applied to mouse skin in vivo. DNA 
was complexed with commercial preparation of N- [ 1- (2, 3-dioleoyloxy) propyl] - 
N, N, N-trimethyl-ammonium-methyl-sulp hate (DOTAP) in a ratio of 1:1.6 
(w/w) . The DNA rapidly penetrated the skin and was expressed in the 
epidermis, dermis and hair follicles. A DNA concentration of 267 
microgram/ml DNA was found to be optimal for efficient transf ection . 
Expression was seen as early as 6 h post-application, persisted at high 
levels 24 and 48 h post-treatment, but was markedly reduced by 7 days after 
application. In conclusion, utilising a commercially available 
liposome preparation, topically-applied DNA/liposome complexes 
can be efficiently delivered and expressed in several cell types 
within the skin. This simple, non-invasive technique may have implications 
for a number of gene therapy applications. 
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We have tested the cationic liposome N- ( 1- ( 2 , 3-dioleoyloxy) propyl ) - 
N, N, N-trimethyl-ammoniummethylsul phate, (DOTAP), for gene 

delivery in vitro and in vivo with a view to clinical use in gene 
therapy for cystic fibrosis. Delivery of lacZ cDNA-DOTAP 
complexes via aerosol showed promoter-dependent differences in the pattern 
and longevity of expression. Repeated administration was well tolerated. 
The potential for the transfer of foreign genes into reproductive tissue 
was investigated by intravenous injection of DNA- DOTAP into female 
mice. Foreign DNA was undetectable in the ovaries by Southern blot analysis 
at 1 and 7 days after injection. Our results suggest that DOTAP 
merits testing in cystic fibrosis patients for delivery of the 
cystic fibrosis transmembrane conductance regulator (CFTR) gene to the 
respiratory tract and that substitution of the cytomegalovirus (CMV) 
promoter for the simian virus (SV) promoter may improve on the transitory 
response reported previously. 
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Cationic liposomes are effective in delivering antisense 
oligonucleotides into cells in culture, but their interactions with the 
oligonucleotides are poorly understood. We studied the aggregation and 
fusion reactions during the formation of cationic lipid/oligonucleotide 
complexes in solution and their interactions with lipid bilayers. 
Phosphorothioate oligonucleotides (15-mer) were complexed with cationic 
liposomes composed of dimethyldioctadecylammonium bromide (DDAB) and 
dioleoylphosphatidylethanolamine (DOPE) at 8:15 molar ratio or of a 
commercial formulation DOTAP (N- ( 1- (2 , 3-dioleoyloxy) propyl ) -N, N, N-tri 
methylammoniummethylsul fate) , at different ratios with apparent -/+ charge 
ratios of 0.03-5.6. Mean size of the complexes increased with -/+ ratio so 
that at charge ratios 0.4-2.0 the size increased by at least an order 
magnitude due to the oligonucleotide induced aggregation. Resonance energy 
transfer experiments showed that in addition to aggregation 
oligonucleotides induced fusion of cationic liposomes, but the fusion was 
rate-controlled by the initial aggregation step. Rate constants for 
oligonucleotide induced aggregation were dependent on lipid concentration 
and were in the range of ( 0 . 2-1) . 10 ( 7 ) M-l s-1 and (1-10). 10(7) M-l s-1 for 
DDAB/DOPE and DOTAP / respectively. Increase in oligonucleotide 
concentration induced the aggregation and fusion until at high -/+ ratios 
electrostatic repulsion of negative surfaces inhibited further aggregation 
and fusion. DOTAP/oligonucleotide complexes did not induce leakage of 
calcein from neutral EPC liposomes, but did cause leakage at -/+ charge 
ratios of < 0.7 and > 2.0 from EPC/DOPE liposomes. Also at -/+ charge 
ratios below 0.8 DOTAP/oligonucleotide complexes induced leaking from 
negatively charged DPPC/DPPG liposomes. These results indicate that either 
phosphatidylethanolamine or negative charge are required in the cell 
membrane for fusion of cationic liposome-oligonucleotide complexes. 
The ratio of oligonucleotide to cationic lipid is critical in determining 
the physicochemical properties of the mixture. 
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ABSTRACT: Cationic liposome-mediated intracellular delivery of 

a f luorescein-labeled chimeric DNA-RNA ribozyme targeted to the HIV-1 5* 
LTR was investigated, using THP-1, THP-1/HIV-1IIIB or HeLa/LAV cells. 
Different fluorescence patterns were observed when the cells were exposed 
to Lipof ectamine, Lipofectin or DMRIE : DOPE (1:1) complexed to the 
ribozyme. With Lipof ectamine intense cell-associated fluorescence was 
found. Incubation with Lipofectin resulted in less intense diffuse 



fluorescence, while^^th DMRIE an intense but sporad^^f luorescence was 
observed. Dif f erent^Bled THP-1/HIV-1IIIB cells were Ae susceptible to 
killing by liposome^ribozyme complexes than TBP-1 c^rs . Under 
non-cytotoxic conditions (a 4-h treatment) complexes of 5, 10 or 15 muM 
Lipofectin or DOTAP:DOPE (1:1) and ribozyme, at lipid: ribozyme 
ratios of 8:1 or 4:1, did not affect p24 production in THP-1/HIV-1IIIB 
cells in spite of the intracellular accumulation of the ribozyme. A 24-h 
exposure of THP-1/HIV-1IIIB cells to 5 muM Lipofectin or DOTAP:DOPE 
(1:1) complexed with either the functional or a modified control ribozyme 
reduced virus production by approximately 30%. Thus, the antiviral effect 
of the liposome-complexed ribozyme was not sequence-specific. In 
contrast, the free ribozyme at a relatively high concentration inhibited 
virus production by 30%, while the control ribozyme was ineffective, 
indicating a sequence-specific effect. Both Lipofectin and DOTAP 
complexed with ribozyme were toxic at 10 and 15 AM after a 24-h 
treatment. A 4-h treatment of HeLa/LAV cells with Lipofectin at 5, 10 or 
15 muM was not toxic to the cells, but also did not inhibit p24 
production. In contrast, treatment of HeLa CD4+ cells immediately after 
infection with HIV-1IIIB at the same lipid concentrations and 
lipid: ribozyme ratios was cytotoxic. Our results indicate that the 
delivery of functional ribozyme into cells by cationic liposomes is 
an inefficient process and needs extensive improvement before it can be 
used in ex vivo and in vivo applications. 
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ABSTRACT: This study sought to determine whether angiogenic blood vessels 
in disease models preferentially bind and internalize cationic liposomes 
injected intravenously. Angiogenesis was examined in pancreatic islet 
cell tumors of RIP-Tag2 transgenic mice and chronic airway inflammation 
in Mycoplasma pulmonis-inf ected C3H/HeNCr mice. For comparison, 
physiological angiogenesis was examined in normal mouse ovaries. We found 
that endothelial cells in all models avidly bound and internalized 
f luorescently labeled cationic liposomes 

( 1, 2-dioleoyl-3-trimethylammonium-propane (DOTAP) /cholesterol or 
dimethyldioctadecyl ammonium bromide (DDAB) /cholesterol ) or 
liposome-DNA complexes. Confocal microscopic measurements showed 
that angiogenic endothelial cells averaged 15-33-fold more uptake than 
corresponding normal endothelial cells. Cationic liposome-DNA 
complexes were also avidly taken up, but anionic, neutral, or sterically 
stabilized neutral liposomes were not. Electron microscopic analysis 
showed that 32% of gold-labeled liposomes associated with tumor 
endothelial cells were adherent to the luminal surface, 53% were 
internalized into endosomes and multivesicular bodies, and 15% were 
extravascular 20 min after injection. Our findings indicate that 
angiogenic endothelial cells in these models avidly bind and internalize 



cationic liposomes liposome-DNA complexes but n^^other types 
of liposomes. This Bf erential uptake raises the p^BLbility of using 
cationic liposomes to target diagnostic or therapeul^ agents selectively 
to angiogenic blood vessels in tumors and sites of chronic inflammation. 
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ABSTRACT : Liposomal vectors formulated with cationic lipids and the 
fusogenic phospholipid dioleyolphosphatidylethanolamine (DOPE) are 
usually used to target DNA inside mammalian cells. Since macrophages 
constitute the major site of liposome localisation after parenteral 
administration we felt it prudent to examine the effect of cationic 
liposomes on the production of several important immunoinf lammatory 
modulators secreted by activated macrophages. In addition, we have 
evaluated the toxicity of different cationic liposome formulations 
towards phagocytic macrophages and non-phagocytic T-lymphocytes . Our 
results indicate that cationic liposomes are able to down-regulate the 
synthesis of the protein kinase C ( PKC) -dependent mediators nitric oxide 
(NO) , tumour necrosis factor-alpha (TNF-alpha) and prostaglandin E2 
(PGE2) by activated macrophages after in vitro incubation under non-toxic 
conditions or after in vivo treatment, while the production of 
PKC-independent IL-6 is not modified. We have shown that cationic lipids 
possess potent anti-inflammatory activity in vivo. Prolonged incubation 
(> 3 h) of macrophages with cationic liposomes induced a high level of 
toxicity (ED50 < 50 nmol/ml) that was not seen with non-phagocytic 
T-cells (ED50 > 1000 nmol/ml) . The rank order of toxicity was 
DOPE/dimethyldioctacylammonium bromide (DDAB) > 
DOPE/dioleyoltrimethylammonium propane (DOTAP) = 
DOPE/dimethylaminoethanecarbamoyl cholesterol (DC-Choi) > 
DOPE/dimyristoyltrimethylammonium propane. The replacement of DOPE by 
dipalmitoylphosphatidylcholine (DPPC) or the incorporation of 
dipamitoylphosphatidylethanolamine-PEG2000 {DPPE-PEG2 000 ) in 
DOPE/cationic lipids reduced the toxicity toward macrophages and restored 
the synthesis of PKC-dependent modulators. The incorporation of DNA, 
either as an antisense oligonucleotide (15-mers) or as the plasmid vector 
pBR322 (4363 bp), in cationic liposomes did not reduce these adverse 
effects. These results, in addition to the observation that cationic 
liposomes are extremely toxic following oral administration, indicate 
that DOPE/catonic lipid liposomes are not appropriate for DNA (or drug) 
delivery . 
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ABSTRACT: A gadolinium-chelated liposomal contrast agent has been prepared, 
and magnetic resonance imaging (MRI) efficacy has been examined by 
indirect magnetic resonance lymphography. A lipidic 
N, N ' -dimethylethylenediamine derivative (4) containing a 
10 , 12-diyne-diacyl domain was treated with DTPA anhydride followed by 
GdCl | 3 complexation . The complex was confirmed using MALDI spectrometry. 
An equimolar mixture of the Gd-chelate lipid and a commercially available 
diyne-PE was formulated as a liposome suspension and irradiated 
with UV light prior to imaging experiments. Subcutaneous injection of the 
liposomal gadolinium agent and subsequent MRI of rabbit axillary and 
popliteal lymph nodes revealed significant contrast enhancement up to 4 h 
postinjection . To explore the possibility of imaging a DNA transfection 
event, the gadolinium contrast mixture was formulated with the cationic 
transfection lipid DOTAP and complexed with the reporter gene 
encoding luciferase. DNA transfection studies on the NIH3T3 cell line 
confirmed the transfection activity of the dual-purpose contrast agent 
and exemplified the potential toward development of an imaging and DNA 
delivery vehicle. 
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ABSTRACT: Liposomal vectors formulated with cationic lipids (cationic 
liposomes) and fusogenic dioleoylphosphatidylethanolamine (DOPE) have 
potential for modulating the immune system by delivering gene or 
antisense oligonucleotide inside immune cells. The toxicity and the 
immunoadjuvant activity of cationic liposomes containing nucleic acids 
toward immune effector cells has not been investigated in detail. In this 
report, we have evaluated the toxicity of liposomes formulated with 
various cationic lipids towards murine macrophages and T lymphocytes and 
the human monocyte-like U937 cell line. The effect of these cationic 
liposomes on the synthesis of two immunomodulators produced by activated 
macrophages, nitric oxide (NO) and tumor necrosis factor-alpha 
(TNF-alpha), has also been determined. We have found that liposomes 
formulated from DOPE and cationic lipids based on diacyltrimethylammonium 
propane (dioleoyl-, dimyristoyl- , dipalmitoyl- , disteroyl-: DOTAP, 
DMTAP , DPTAP, DSTAP) or dimethyldioctadecylammonium bromide {DDAB) are 
highly toxic in vitro toward phagocytic cells (macrophages and U937 
cells), but not towards non-phagocytic T lymphocytes. The rank order of 
toxicity was DOPE/DDAB > DOPE/DOTAP > DOPE /DMTAP > DOPE/DPTAP > 
DOPE/DSTAP. The EDSO's for macrophage toxicity were < 10 nmol/ml for 
DOPE/DDAB, 12 nmol/ml for DOPE/DOTAP, 50 nmol/ml for DOPE /DMTAP, 
400 nmol/ml for DOPE/DPTAP and > 1000 nmol/ml for DOPE/DSTAP. The 
incorporation of DNA (antisense oligonucleotide or plasmid vector) into 
the cationic liposomes marginally reduced their toxicity towards 
macrophages. Although toxicity was observed with cationic lipids alone, 
it was clearly enhanced by the presence of DOPE. The replacement of DOPE 
by dipalmitoylphosphatidylcholine (DPPC) significantly reduced 
liposome toxicity towards macrophages, and the presence of 
dipalmitoylphosphatidylethanolamine-PEG2000 (DPPE-PEG2000 : 10 mol%) in 
the liposomes completely abolished this toxicity. Cationic liposomes, 
irrespective of their DNA content, downregulated NO and TNF-alpha 
synthesis by lipopolysaccharide ( LPS ) /interf eron-gamma 

(IFN-gamma) -activated macrophages. The replacement of DOPE by DPPC, or 
the addition of DPPE-PEG2000, restored NO and TNF-alpha synthesis by 
activated macrophages. Since macrophages constitute the major site of 
liposome localization after parenteral administration and play an 
important role in the control of the immune system, cationic liposomes 
should be used with caution to deliver gene or antisense 
oligonucleotide to mammalian cells. Cationic lipids show in vitro 
toxicity toward phagocytic cells and inhibit in vitro and in situ NO and 
TNF-alpha production by activated macrophages. 
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ABSTRACT: 1. The eff^J^of liposome phospholipid comp^Miion has been 

assumed to be relatively unimportant because of the^ffesumed inert nature 
of phospholipids. 2. We have previously shown that cationic 
liposome formulations used for gene therapy inhibit, through their 
cationic component, the synthesis by activated macrophages of the 
pro-inflammatory mediators nitric oxide (NO) and tumour necrosis 
factor-alpha (TNF-alpha) . 3. In this study, we have evaluated the ability 
of different cationic lipids to reduce footpad inflammation induced by 
carrageenan and by sheep red blood cell challenge. 4. Parenteral (i.p. or 
s.c) or local injection of the positively charged lipids 
dimethyldioctadecylammomium bromide (DDAB) , dioleyoltrimethylammonium 
propane (DOTAP) , dimyristoyltrimethylammonium propane (DMTAP) or 
dimethylaminoethanecarbamoyl cholesterol (DC-Choi) significantly reduced 
the inflammation observed in both models in a dose-dependent manner 

(maximum inhibition: 70-95%). 5. Cationic lipids associated with 
dioleyol- or dipalmitoyl-phosphatidylethanolamine retained their 
antiinflammatory activity while cationic lipids associated with 
dipalmitoylphosphatidylcholine (DPPC) or dimyristoylphosphatidyl glycerol 

(DMPG) showed no anti-inflammatory activity, indicating that the release 
of cationic lipids into the macrophage cytoplasm is a necessary step for 
anti-inflammatory activity. The anti-inflammatory activity of cationic 
lipids was abrogated by the addition of 

dipalmitoylphosphatidylethanolamine-poly (ethylene) glycol-2 0 00 
(DPPE-PEG-20000) which blocks the interaction of cationic lipids with 
macrophages. 6. Because of the significant role of protein kinase C (PKC) 
in the inflammatory process we have determined whether the cationic 
lipids used in this study inhibit PKC activity. The cationic lipids 
significantly inhibited the activity of PKC but not the activity of a 
non-related protein kinase, PKA. The synthesis of interleukin-6 (IL-6), 
which is not dependent on PKC activity for its induction in macrophages, 
was not modified in vitro or in situ by cationic lipids. The synthesis of 
NO and TNF-alpha in macrophages, both of which are PKC-dependent , was 
downregulated by cationic lipids. 7. These results demonstrate that 
cationic lipids can be considered as novel anti-inflammatory agents. The 
downregulation of pro-inflammatory mediators through interaction of 
cationic lipids with the PKC pathway may explain this anti-inflammatory 
activity. Furthermore, since cationic lipids have intrinsic 
anti-inflammatory activity, cationic liposomes should be used with 
caution to deliver nucleic acids for gene therapy in vivo. 
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ABSTRACT : Since cationic liposome was first developed as a 

lipofection reagent, a drawback has been noted in that the efficiency of 
lipofection decreases dramatically after addition of serum to the 
lipofection medium. This drawback hampers the application of cationic 
liposome for systematic delivery of genes. In the present 
studies, we found that the effect of serum on DC-chol liposome 



-mediated lipofect^^is dependent on the charge ra^^ of liposome 
to DNA. Serum inhil^Hbd lipofection activity of the^M^oplex at low 

charge ratios, wherSs it enhanced, the lipofection Trctivity at high 
charge ratios. This phenomenon was observed using DOTAP/DOPE but 
not lipofectamine . Measurement of cellular association of DNA showed that 
serum could reduce the binding of lipoplex to cells at all tested charge 
ratios, ie 0-10.6. Removal of negatively charged proteins from serum by 
DEAE-Sephacel column abolished the inhibitory effect of serum on 
lipofection. The fraction contained only negatively charged serum 
proteins which strongly inhibited lipofection at low charge ratios but 
not at higher charge ratios. Furthermore, preincubation of serum with 
positively charged polylysine, which neutralized negatively charged serum 
proteins, eliminated the inhibitory effect of serum on lipofection. In 
summary, inactivation of cationic liposome by serum is due to 
negatively charged serum proteins and it can be overcome by increasing 
charge ratio of cationic liposome-DNA lipoplexes or by neutralizing 
the serum with polylysine. 
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ABSTRACT: Cationic liposomes have been studied as a potential carrier for 
delivering genes to cells for the purpose of gene therapy. This 
report summarizes our efforts to characterize the in vivo expression of 
transgene delivered by cationic liposomes via intravenous 

administration. Using a CMV driven gene expression system containing cDNA 
of luciferase or green fluorescence protein gene as a reporter and two 
commonly used cationic lipids, 2, 3-dioleoyloxypropyl-l-trimethyl 
ammonium chloride (DOTMA) and 2, 3-dioleoyloxyl-l-trimethylammonium 
propanyl chloride (DOTAP) , we demonstrate that a significant level 
of gene expression can be obtained in different organs including the 
lung, heart, spleen, liver and kidneys following intravenous 
administration in the mouse. Our finding show that the transfection 
efficiency of cationic liposomes is determined by the structure of the 
cationic lipids, the lipid composition of liposomes and cationic lipid to 
DNA ratio. Furthermore, gene expression was short in duration, peaked 
between 4-24 hours post injection, and dropped to less than 1% of the 
peak level within a 4 day period. Experiments with repeated injections 
revealed that cells initially transfected by the first transfection were 
not fully responsive to the subsequent second transfection for 
approximately 14 days. 
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Protamine sulfate provides enhanced and reproducible intravenous gene 
transfer by cationic liposome/DNA complex. 
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The influence of poly (ethylene glycol } -lipid conjugates on phospholipid 
polymorphism has been examined using 31P-NMR and freeze — fracture electron 
microscopy. An equimolar mixture of dioleoylphosphatidylethanolamine (DOPE) 
and cholesterol adopts the hexagonal (HII) phase when hydrated under 
physiological conditions but can be stabilized in a bilayer conformation 
when a variety of PEG -lipid conjugates are included in the lipid 
mixture. These PEG conjugates produced an increase in the bilayer to 
hexagonal (HII) phase transition temperature and a broadening of the 
temperature range over which both phases coexisted. Further, the fraction 
of phospholipid adopting the bilayer phase increased with increasing mole 
fraction of PEG -lipid such that at 20 mole % DOPE — PEG2000 no HII 
phase phospholipid was observed up to a least 60 degrees C. Increasing the 
size of the PEG moiety from 2000 to 5000 Da (while maintaining the 
PEG--lipid molar ratio constant) increased the proportion of lipid in 
the bilayer phase. In contrast, varying the acyl chains of the PE anchor 
had no effect on polymorphic behavior. PEG — lipid conjugates in which 
ceramide provides the hydrophobic anchor also promoted bilayer 
formation in DOPE : cholesterol mixtures but at somewhat higher molar ratios 
compared to the corresponding PEG — PE species. The slightly greater 
effectiveness of the PE conjugates may result from the fact that these 
derivatives also possess a net negative charge. Phosphorus NMR spectroscopy 
indicated that a proportion of the phospholipid in DOPE : cholesterol : 
PEG --PE mixtures experienced isotropic motional averaging with this 
proportion being sensitive to both temperature and PEG molecular 
weight. Surprisingly, little if any isotropic signal was observed when 
PEG — ceramide was used in place of PEG — PE . Consistent 

with the 31P-NMR spectra, f reeze-f racture electron microscopy showed the 
presence of small vesicles (diameter <200 run) and lipidic particles in 
DOPE : cholesterol mixtures containing PEG--PE. We conclude that the 
effects of PEG --lipid conjugates on DOPE : cholesterol mixtures are 
2-fold. First, the complementary "inverted cone" shape of the conjugate 
helps to accommodate the "cone-shaped" lipids, DOPE and cholesterol, in the 
bilayer phase. Second, the steric hindrance caused by the PEG group 
inhibits close apposition of bilayers, which is a prerequisite for the 
bilayer to HII phase transition. 



20/3, AB/3 (Item 3 from file: 155) 

DIALOG (R) File 155 : MEDLINE { R) 

(c) format only 1999 Dialog Corporation. All rts. reserv. 

04524977 85006684 

Enzyme therapy: II. Effect of covalent attachment of polyethylene glycol 
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Wieder KJ; Davis FF 

J Appl Biochem (UNITED STATES) Aug-Oct 1983, 5 (4-5) p337-47, ISSN 
0161-7354 Journal Code: HEA 

Contract/Grant No.: GM-20946, GM, NIGMS 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

The covalent attachment of polyethylene glycol (PEG ) to 
beta-glucosidase from sweet almonds and alpha-galactosidase from green 
coffee beans results in alterations of their catalytic properties and 
masking of specific determinant sites on the enzymes. Both enzymes have 
increased Km and decreased Vmax values against their respective 
p-nitrophenyl substrate analogs after PEG attachment. When PEG 
is attached to 30% of alpha-galactosidase epsilon-amino groups, 12% 
activity remains against ceramide trihexoside, while its ability to 
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Cationic liposome-mediated intracellular delivery of a 
f luorescein-labeled chimeric DNA-RNA ribozyme targeted to the HIV-1 5' LTR 
was investigated, using THP-1, THP-1/HIV-1IIIB or HeLa/LAV cells. Different 
fluorescence patterns were observed when the cells were exposed to 
Lipof ectamine, Lipofectin or DMR I E : DO PE (1:1) complexed to the ribozyme. 
With Lipofectamine intense cell-associated fluorescence was found. 
Incubation with Lipofectin resulted in less intense diffuse fluorescence, 
while with DMR IE an intense but sporadic fluorescence was observed. 
Differentiated THP-1/HIV-1IIIB cells were more susceptible to killing by 
liposome -ribozyme complexes than THP-1 cells. Under non-cytotoxic 
conditions (a 4-h treatment) complexes of 5, 10 or 15 microM Lipofectin or 
DOTAP :DOPE (1:1) and ribozyme, at lipid : ribozyme ratios of 8:1 or 
4:1, did not affect p24 production in THP-1/HIV-1IIIB cells in spite of the 
intracellular accumulation of the ribozyme. A 24-h exposure of 
THP-1/HIV-1IIIB cells to 5 microM Lipofectin or DOTAP:DOPE (1:1) 
complexed with either the functional or a modified control ribozyme reduced 
virus production by approximately 30%. Thus, the antiviral effect of the 
liposome -complexed ribozyme was not sequence-specific. In contrast, 
the free ribozyme at a relatively high concentration inhibited virus 
production by 30%, while the control ribozyme was ineffective, indicating a 



sequence-specific ef^mct . Both Lipofectin and DOTA^j^mplexed with 
ribozyme were toxid^Pit 10 and 15 microM after a^B-h treatment. A 4-h 
treatment of HeLa/LAV cells with Lipofectin at 5, 10 or 15 microM was not 
toxic to the cells, but also did not inhibit p24 production. In contrast, 
treatment of HeLa CD4 + cells immediately after infection with HIV-1IIIB at 
the same lipid concentrations and lipid: ribozyme ratios was cytotoxic. Our 
results indicate that the delivery of functional ribozyme into cells 
by cationic liposomes is an inefficient process and needs extensive 
improvement before it can be used in ex vivo and in vivo applications. 
Copyright 1998 Elsevier Science B.V. All rights reserved. 
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The use of genes as therapeutic drugs will likely involve non-viral 
delivery systems. While traditionally less effective for gene 
expression, the advantages of a non-viral delivery system include 
ease of production, lower toxicity, and no risk of infection. However, most 
non-viral systems do not incorporate a mechanism for gene transport into 
the nucleus. Nuclear localization signal peptides can combine the increased 
expression of viral delivery systems with the safety and ease of 
preparation of non-viral delivery systems. A novel non-viral 
delivery vehicle consisting of a conglomerate of a synthetic nuclear 
localization signal peptide derived from the SV40 virus, a luciferase 
encoding PGL3 plasmid, and a cationic lipid DOTAP:DOPE (1:1 w/w) 
liposome was transfected into SKnSH mammalian neuroblastoma cells. A 
three-fold increase in luciferase expression was seen with the 
delivery system containing a NLS peptide over cationic liposome 
controls. Examination of the factors that limit the rate of transgene 
expression can potentially lead to the discovery of new ways to improve the 
efficiency and efficacy of nonviral methods of gene therapy. 
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Modification of liposome surface with polyethylene glycol was used 
to improve oligodeoxyribonucleotide (ODN) loading, stability of the 
resulting complexes, and specificity of cellular delivery of ODN by 



cationic liposomes- ^posomes composed of a cationi^^ipid (DOTAP, 
DOGS , DDAB), a nei^Bl lipid (DOPE) , and a phosj^pipid derivative of 
polyethylene glycol ^EG-PE) formed a complex with letter phosphorothioate 
up to ODN/lipid molar ratio of 0.25. The complexes showed intact vesicular 
structures similar to original liposomes and their size (100-130 run) was 
unchanged after several weeks of storage, whereas complexes lacking PEG-PE 
showed progressive aggregation and/or precipitation. After exposure to 
human plasma, PEG-modified cationic liposomes retained over 60% of the 
originally bound ODN. PEG-coated complexes resulted in 4-13-fold 
enhancement of the ODN uptake by human breast cancer cells in 
serum-supplemented growth medium, relative to free ODN. Complexes 
containing conjugated anti-HER2 F(ab') fragments at the distal termini of 
PEG chains efficiently delivered ODN primarily into the cytoplasm and 
nuclei of HER2 overexpressing cancer cells and greatly enhanced the 
biological activity of antisense ODN. The development of PEG-modified 
cationic liposomes may lead to improved ODN potency in vivo. 
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A gadolinium-chelated liposomal contrast agent has been prepared, and 
magnetic resonance imaging (MRI) efficacy has been examined by indirect 
magnetic resonance lymphography. A lipidic N, N 1 -dimethylethylenediamine 
derivative (4) containing a 10 , 12-diyne-diacyl domain was treated with DTPA 
anhydride followed by GdC13 complexation . The complex was confirmed using 
MALDI spectrometry. An equimolar mixture of the Gd-chelate lipid and a 
commercially available diyne-PE was formulated as a liposome 
suspension and irradiated with UV light prior to imaging experiments. 
Subcutaneous injection of the liposomal gadolinium agent and subsequent MRI 
of rabbit axillary and popliteal lymph nodes revealed significant contrast 
enhancement up to 4 h postinj ection . To explore the possibility of imaging 
a DNA transfection event, the gadolinium contrast mixture was formulated 
with the cationic transfection lipid DOTAP and complexed with the 
reporter gene encoding lucif erase. DNA transfection studies on the NIH3T3 
cell line confirmed the transfection activity of the dual-purpose contrast 
agent and exemplified the potential toward development of an imaging and 
DNA delivery vehicle. 
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1. The effect of liposome phospholipid composition has been assumed 
to be relatively unimportant because of the presumed inert nature of 
phospholipids. 2. We have previously shown that cationic liposome 



formulations used gene therapy inhibit, thr^gh their cationic 

component, the synt^Bis by activated macrophages ofle pro-inflammatory 
mediators nitric oxtte (NO) and tumour necrosis fact^^-alpha (TNF-alpha) . 
3. In this study, we have evaluated the ability of different cationic 
lipids to reduce footpad inflammation induced by carrageenan and by sheep 
red blood cell challenge. 4. Parenteral (i.p. or s.c) or local injection of 
the positively charged lipids dimethyldioctadecylammomium bromide (DDAB) , 
dioleyoltrimethylammonium propane (DOTAP) , dimyristoyltrimethylammoni 
urn propane ( DMTAP ) or dimethylaminoethanecarbamoyl cholesterol (DC-Choi) 
significantly reduced the inflammation observed in both models in a 
dose-dependent manner (maximum inhibition: 70-95%). 5. Cationic lipids 
associated with dioleyol- or dipalmitoyl-phosphatidylethanolamine retained 
their anti-inflammatory activity while cationic lipids associated with 
dipalmitoylphosphatidylcholine (DPPC) or dimyristoylphosphatidyl glycerol 
(DMPG) showed no anti-inflammatory activity, indicating that the release of 
cationic lipids into the macrophage cytoplasm is a necessary step for 
anti-inflammatory activity. The anti-inflammatory activity of cationic 
lipids was abrogated by the addition of dipalmitoylphosphatidylethanolamine 
-poly (ethylene) glycol-2000 (DPPE-PEG2000 ) which blocks the interaction of 
cationic lipids with macrophages. 6. Because of the significant role of 
protein kinase C (PKC) in the inflammatory process we have determined 
whether the cationic lipids used in this study inhibit PKC activity. The 
cationic lipids significantly inhibited the activity of PKC but not the 
activity of a non-related protein kinase, PKA. The synthesis of 
interleukin-6 (IL-6) , which is not dependent on PKC activity for its 
induction in macrophages, was not modified in vitro or in situ by cationic 
lipids. The synthesis of NO and TNF-alpha in macrophages-, both of which are 
PKC-dependent, was downregulated by cationic lipids. 7. These results 
demonstrate that cationic lipids can be considered as novel 
anti-inflammatory agents. The downregulation of pro-inflammatory mediators 
through interaction of cationic lipids with the PKC pathway may explain 
this anti-inflammatory activity. Furthermore, since cationic lipids have 
intrinsic anti-inflammatory activity, cationic liposomes should be used 
with caution to deliver nucleic acids for gene therapy in vivo. 
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Liposomal vectors formulated with cationic lipids (cationic liposomes) 
and fusogenic dioleoylphosphatidylethanolamine (DOPE) have potential for 
modulating the immune system by delivering gene or antisense 
oligonucleotide inside immune cells. The toxicity and the immuno adjuvant 
activity of cationic liposomes containing nucleic acids toward immune 
effector cells has not been investigated in detail. In this report, we have 
evaluated the toxicity of liposomes formulated with various cationic lipids 
towards murine macrophages and T lymphocytes and the human monocyte-like 
U937 cell line. The effect of these cationic liposomes on the synthesis of 
two immunomodulators produced by activated macrophages, nitric oxide (NO) 
and tumor necrosis factor-alpha (TNF-alpha) , has also been determined. We 
have found that liposomes formulated from DOPE and cationic lipids based on 
diacyltrimethylammonium propane (dioleoyl-, dimyristoyl-, dipalmitoyl-, 
disteroyl-: DOTAP , DMTAP, DPTAP, DSTAP) or 

dimethyldioctadecylammonium bromide (DDAB) are highly toxic in vitro toward 
phagocytic cells (macrophages and U937 cells), but not towards 



non-phagocytic T lyjflfeocytes. The rank order of tox^LLty was DOPE/DDAB > 
DOPE/DOTAP > DOPE/E^Bp > DOPE/DPTAP > DOPE/DSTAP ^B e ED50*s for 
macrophage toxicity were < 10 nmol/ml for DOPE/DDAB,^2 nmol/ml for DOPE/ 
DOTAP , 50 nmol/ml for DOPE/DMTAP, 400 nmol/ml for DOPE/DPTAP and > 
1000 nmol/ml for DOPE/DSTAP. The incorporation of DNA (antisense 
oligonucleotide or plasmid vector) into the cationic liposomes marginally 
reduced their toxicity towards macrophages. Although toxicity was observed 
with cationic lipids alone, it was clearly enhanced by the presence of 
DOPE. The replacement of DOPE by dipalmitoylphosphatidylcholine (DPPC) 
significantly reduced liposome toxicity towards macrophages, and the 
presence of dipalmitoylphosphatidylethanolamine-PEG2000 (DPPE-PEG2000 : 10 
mol%) in the liposomes completely abolished this toxicity. Cationic 
liposomes, irrespective of their DNA content, downregulated NO and 
TNF-alpha synthesis by lipopolysaccharide (LPS) /interf eron-gamma 
(IFN-gamma) -activated macrophages. The replacement of DOPE by DPPC, or the 
addition of DPPE-PEG2000, restored NO and TNF-alpha synthesis by activated 
macrophages. Since macrophages constitute the major site of liposome 
localization after parenteral administration and play an important role in 
the control of the immune system, cationic liposomes should be used with 
caution to deliver gene or antisense oligonucleotide to mammalian 
cells. Cationic lipids show in vitro toxicity toward phagocytic cells and 
inhibit in vitro and in situ NO and TNF-alpha production by activated 
macrophages . 
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Since cationic liposome was first developed as a lipofection 
reagent, a drawback has been noted in that the efficiency of lipofection 
decreases dramatically after addition of serum to the lipofection medium. 
This drawback hampers the application of cationic liposome for 
systematic delivery of genes. In the present studies, we found that 
the effect of serum on DC-chol liposome -media ted lipofection is 
dependent on the charge ratio of liposome to DNA. Serum inhibited 
lipofection activity of the lipoplex at low charge ratios, whereas it 
enhanced the lipofection activity at high charge ratios. This phenomenon 
was observed using DOTAP/DOPE but not lipof ectamine . Measurement of 
cellular association of DNA showed that serum could reduce the binding of 
lipoplex to cells at all tested charge ratios, i.e. 0-10.6. Removal of 
negatively charged proteins from serum by DEAE Sephacel column abolished 
the inhibitory effect of serum on lipofection. The fraction contained only 
negatively charged serum proteins which strongly inhibited lipofection at 
low charge ratios but not at higher charge ratios. Furthermore, 
preincubation of serum with positively charged polylysine, which 
neutralized negatively charged serum proteins, eliminated the inhibitory 
effect of serum on lipofection. In summary, inactivation of cationic 
liposome by serum is due to negatively charged serum proteins and it 
can be overcome by increasing charge ratio of cationic liposome-DNA 
lipoplexes or by neutralizing the serum with polylysine. 
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formation was conti^fcnt on the incubation period a^faer partitioning the 
DNA/lipid mixture organic and aqueous phases. ^H^se results suggest 

that the cationic lipid/DNA complex forms at the aqueous/organic interface 
and that DNA/lipid binding is dependent on multivalent interactions at this 
interface. A Scatchard analysis of DNA/DODAC binding demonstrated 
that the binding reaction exhibits a high degree of positive cooperativity . 
The apparent dissociation constant (Kn) , using data obtained under 
conditions where DODAC binding to DNA approached saturation, 
indicated a high-affinity reaction (Kn > 10 (-11) mol L-l). At this point, 
approximately 8400 mol of DODAC was bound per mole of DNA, which is 
equivalent to a charge ratio {+/-) of 0.585 for the 7.2 kb plasmid used and 
suggests that formation of the hydrophobic complex occurs at a stage prior 
to charge neutralization. The influence of other lipids on DNA/cationic 
lipid binding at the aqueous/organic interface was also studied. 
Cholesterol and DOPC had little effect on DNA/DODAC binding while the 
anionic lipids LPI, DOPS, and DMPG inhibited complex formation. The 
zwitterionic lipid DOPE, however, had a concentration-dependent effect on 
cationic lipid binding that was also dependent on the mixing order. We 
believe that this approach for evaluating lipid/DNA binding provides an 
effective procedure for assessing factors which control the dissociation of 
lipids from DNA and may be beneficial in the selection of lipids for 
effective use in gene transfection studies. 
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ABSTRACT: Current fusogenic liposomal delivery systems have limited 
applicability in vivo due to poor stability in the blood and rapid 
clearance from the circulation. This is particularly true for liposomes 
composed of dioleoylphosphatidylethanolamine (DOPE) and cationic lipids, 
currently being developed for systemic delivery of gene-based 
drugs. This paper describes a potential strategy to overcome these 
problems, involving the incorporation of exchangeable amphipathic 
polyethyleneglycol (PEG) derivatives to transiently stabilize fusogenic 
liposomes while in the circulation, but where the PEG coating dissipates 
to reveal fusogenic character at later times after arrival at target 
sites. It is shown here that large unilamellar vesicles (LUVs) containing 
DOPE and the cationic lipid, N, N-dioleoyl-N, N- dimethyl ammonium chloride ( 
DODAC) can be stabilized against serum-induced aggregation and 
fusion by inclusion of at least 2 mol% of PEG coupled to 

phosphatidylethanolamine (PEG-PE) or ceramide (PEG-Cer) . However, low in 
vitro recovery of fusogenic activity was obtained for the 
PEG-PE-containing system, presumably due to electrostatic interactions 
between the negatively charged PEG-PE and the cationic lipid which 
prevent PEG-PE dissociation from the LUV. Improved recovery of fusogenic 
activity was achieved for LUVs stabilized by the neutral PEG-Cer 
derivatives, with shorter chain ceramides exhibiting more rapid recovery 
rates. Biodistribution studies showed that DOPE/DODAC (85:15, 



mol/mol) LUVs were Aldly cleared from the circulatifl^ whereas 
inclusion of 10 moll^^G-Cer ( C2 0 ) resulted in signif^phtly prolonged 
circulation time. Inclusion of shorter ceramide chain lengths resulted in 
d ecrease d circulation times, consistent with increased exchangeability. 
These findings demonstrate the feasibility of developing a cationic 
liposome that is stable in the circulation, but retains its ability to 
fuse with membranes. This work represents the first step toward the 
rationale design of fusogenic cationic liposomes for the systemic 
delivery of gene-based drugs to target tissues, such as tumors. 
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Poly ( ethylene glycol) (PEG ) conjugated lipids have been used to 
increase the circulation longevity of liposomal carriers encapsulating 
therapeutic compounds. PEG is typically conjugated to 
distearoylphosphatidylethanolamine (DSPE) via a carbamate linkage that 
results in a net negative charge on the phosphate moiety at physiological 
pH. It was anticipated that the presence of this negative charge could have 
deleterious effects on liposome pharmacokinetic characteristics. We 
describe here the synthesis of a new class of neutrally charged PEG 
-lipid conjugates in which the PEG moiety was linked to 
ceramide (CER) . These PEG-CER conjugates were compared with 
PEG -DSPE conjugates for their effects on the pharmacokinetics of 
liposomal vincristine. PEG-CER (78% palmitic acid, C16) and PEG 
-DSPE achieved comparable increases in the circulation lifetimes of 
sphingomyelin/cholesterol (SM/chol) liposomes. However, PEG -DSPE 
significantly increased the in vitro and in vivo leakage rates of 
vincristine from SM/chol-based liposomes compared to vincristine leakage 
observed when PEG-CER was used. The increase in drug leakage observed 
in vitro that was due to the presence of PEG-DSPE was likely due to 
the presence of a negative surface charge. Analysis of the electrophoretic 
mobilities of these formulations suggested that the negative surface 
charges were shielded by approx. 801 by the PEG layer extending from 
the membrane surface. In contrast, formulations containing PEG-CER 
had no surface charge and no electrophoretic mobility. A comparison of the 
effects of the ceramide acyl chain length (C8 through C24) on the 
pharmacokinetics of SM/chol/PEG -CER formulations of vincristine 
demonstrated that longer acyl chains on the PEG-CER were associated 
with longer circulation lifetimes of the liposomal carriers and, 
consequently, higher plasma vincristine concentrations. These data suggest 
that the short chain PEG-ceramides underwent rapid partitioning from 
the vesicles after i.v. administration, whereas the longer chain PEG 
-ceramides had stronger anchoring properties in the liposome bilayers and 
partitioned slowly from the administered vesicles. These data demonstrate 
the utility of cer ami de-based steric stabilizing lipids as well as 
the potential for developing controlled release formulations by 
manipulating the retention of the PEG-ceramide conjugate in 
liposome bilayers. 
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convert type B erythrocytes to type H specif icity^s lost. However, it 
still is able to cle^^B terminal galactose residues human saliva blood 

group substance B. ^fEG -beta-glucosidase (38%) dic^ffot elicit the 
production of complement-fixing antibodies, nor did it react with 
antibodies produced against the native enzyme. Antibody and lectin-specif ic 
binding were lost from both modified enzymes (PEG-beta-glucosidase 
and PEG-alpha-galactosidase) . After conjugation with PEG , 
beta-glucosidase lost its ability to bind to concanavalin A-Sepharose. 
Antibodies directed against native alpha-galactosidase blocked its enzyme 
activity, but lost their ability to inhibit activity in progressively 
higher modified preparations of the enzyme. Antisera against PEG 
-alpha-galactosidase (53%) did not inhibit enzyme activity in any 
alpha-galactosidase or PEG -alpha-galactosidase preparation. These 
results indicate that PEG tends to cover lectin-specif ic carbohydrate 
moieties and antigenic determinants and that these sites probably remain 
cryptic during in vivo processing of PEG-enzymes. 

20/3, AB/4. (Item 1 from file: 5) 

DIALOG (R) File 5:Biosis Previews(R) 1969-1999/May Wl 
(c) 1999 BIOSIS. All rts . reserv. 

11533060 BIOSIS NO.: 199800314392 

Stabilization and regulated fusion of liposomes containing a cationic lipid 
using amphipathic polyethyleneglycol derivatives. 

AUTHOR: Mori Atsuhide; Chonn Arcadio; Choi Lewis S; Israels Alix; Monck 

Myrna A(a); Cullis Pieter R 
AUTHOR ADDRESS: (a)Inex Pharmaceuticals Corp., 100-8900 Glenlyon Pkwy., 

Glenlyon Business Park, Burnaby, BC V5J 5J8, Canada 

JOURNAL: Journal of Liposome Research 8 (2):pl95-211 May, 1998 
ISSN: 0898-2104 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Current fusogenic liposomal delivery systems have limited 
applicability in vivo due to poor stability in the blood and rapid 
clearance from the circulation. This is particularly true for liposomes 
composed of dioleoylphosphatidylethanolamine (DOPE) and cationic lipids, 
currently being developed for systemic delivery of gene-based drugs. This 
paper describes a potential strategy to overcome these problems, 
involving the incorporation of exchangeable amphipathic 
polyethyleneglycol (PEG) derivatives to transiently stabilize 
fusogenic liposomes while in the circulation, but where the PEG 
coating dissipates to reveal fusogenic character at later times after 
arrival at target sites. It is shown here that large unilamellar vesicles 
( LUVs ) containing DOPE and the cationic lipid, 

N, N-dioleoyl-N, N-dimethylammonium chloride (DODAC) can be stabilized 
against serum-induced aggregation and fusion by inclusion of at least 2 
mol% of PEG coupled to phosphatidylethanolamine (PEG-PE) or 
ceramide (PEG-Cer) . However, low in vitro recovery of 
fusogenic activity was obtained for the PEG-PE-containing system, 
presumably due to electrostatic interactions between the negatively 
charged PEG-PE and the cationic lipid which prevent PEG-PE 
dissociation from the LUV. Improved recovery of fusogenic activity was 
achieved for LUVs stabilized by the neutral PEG-Cer derivatives, 
with shorter chain ceramides exhibiting more rapid recovery rates. 
Biodistribution studies showed that DOPE/DODAC (85:15, mol/mol) LUVs 
were rapidly cleared from the circulation, whereas inclusion of 10 mol% 
PEG-Cer (C20) resulted in significantly prolonged circulation time. 
Inclusion of shorter ceramide chain lengths resulted in decreased 
circulation times, consistent with increased exchangeability. These 
findings demonstrate the feasibility of developing a cationic liposome 
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ABSTRACT: A novel lipid/polycation/DNA (LPD) formulation has been developed 
for in gene transfer. It involves the condensation of plasmid DNA with 
protamine sulfate, a cationic polypeptide, followed by the addition of 
DOTAP cationic liposomes. Compared with DOTAP/DNA complex, 
LPD offers greater protection of plasmid DNA against enzymatic digestion 
and gives consistently higher gene expression in mice via tail vein 
injection. The in vivo efficiency of LPD was dependent upon charge ratio 
and was also affected by the lipid used. Increasing the amount of DNA 
delivered induced an increase in gene expression. The optimal dose 
was approximately 50 mu-g per mouse, at which concentration approximately 
10 ng luciferase protein per mg extracted tissue protein could be 
detected in the lung. Gene expression in the lung was detected as early 
as 1 h after injection, peaked at 6 h, and declined thereafter. Using 
LacZ as a reporter gene, it was shown that endothelial cells were the 
primary locus of transgene expression in both lung and spleen. No sign of 
inflammation in these organs was noticed. Since protamine sulfate has 
been proven to be non-toxic and only weakly immunogenic in humans, this 
novel vector may be useful for the clinical use of gene therapy. 
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ABSTRACT: To increase cationic liposome-mediated intravenous DNA 
delivery extruded DOTAP : cholesterol liposomes were used to 
form complexes with DNA, resulting in enhanced expression of the 
chloramphenicol acetyltransf erase gene in most tissues examined. The DNA: 
liposome ratio, and mild sonication, heating, and extrusion steps 
used for liposome preparation were crucial for improved systemic 
delivery. Size fractionation studies showed that maximal gene 
expression was produced by a homogeneous population of DNA: liposome 
complexes between 200 to 450 nm in size. Cryo-electron microscopy 
examination demonstrates that the DNA: liposome complexes have a 
novel morphology, and that the DNA is condensed on the interior of 
invaginated liposomes between two lipid bilayers. This structure could 
account for the high efficiency of gene delivery in vivo and for 
the broad tissue distribution of the DNA: liposome complexes. 
Ligands can be placed on the outside of this structure to provide for 
targeted gene delivery. 
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ABSTRACT: In cystic fibrosis (CF) , mutation of the cystic fibrosis 

transmembrane conductance regulator { CFTR) gene results in defective 
transepithelial ion transport, leading to life shortening inflammatory 
lung disease. Before lung studies, we tested the safety and efficacy of 
gene delivery to the nasal epithelium of CF patients using 
pCMV-CFTR-DOTAP cationic liposome complex. A single dose of 
400 mu-g pCMV-CFTR : 2 . 4 mg DOTAP was administered in a randomised, 
double-blinded fashion to the nasal epithelium of eight CF patients, with 
a further eight receiving buffer only. Patients were monitored for signs 
and symptoms for 2 weeks before treatment and 4 weeks after treatment. 
Inflammatory cells were quantified in a nasal biopsy taken 3 days after 
treatment . There was no evidence for excess nasal inflammation, 
circulating inflammatory markers or other adverse events ascribable to 
active treatment. Gene transfer and expression were assayed by the 
polymerase chain reaction. Transgene DNA was detected in seven of the 
eight treated patients up to 28 days after treatment and vector derived 
CFTR mRNA in two of the seven patients at +3 and +7 days. Transepithelial 
ion transport was assayed before and after treatment by nasal potential 
difference during drug perfusion and by SPQ fluorescence halide ion 
conductance. Partial, sustained correction of CFTR-related functional 
changes toward normal values were detected in two treated patients. The 
level of gene transfer and functional correction were comparable to those 
reported previously using adenoviral vectors or another DNA- 
liposome complex, but here were sustained and uncompromised by 
false positives. These results justify further studies with pCMV-CFTR- 
DOTAP aimed at treating CF lung disease. 
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ABSTRACT: A targeted vector allowing enhanced gene transfer to human 
hepatocellular carcinoma (HCC-1) cells in vitro was developed using 
cationic liposomes covalently conjugated with the mAb AF-20. This high 
affinity antibody recognizes a rapidly internalized 180 kDa cell surface 
glycoprotein which is abundantly expressed on the surface of human HCC 
and other cancer cells. Quantitative binding analysis of liposomes with 
target cells by flow cytometry showed specific association of 
mAb-targeted liposomes with human HCC cells. Using mAb-targeted cationic 
liposomes containing 20% DOTAP, in the presence or absence of 
serum, gene expression in HuH-7 cells was enhanced up to 40-fold as 
compared to liposomes conjugated with an isotype-matched nonrelevant 
control antibody. Transfection specificity was not observed in AF-20. 
This study demonstrates that cationic liposome formulations a 
control cell line that does not express the antigen recognized by mAb in 
vitro gene delivery and expression in the presence or absence of 
serum. 
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ABSTRACT : Many approaches exist for hepatic gene delivery, including 

viral vectors and non-viral vectors. In this study, we tested a panel of 
liposomes to transfer pAGO, a plasmid containing one copy of herpes 
simplex virus (HSVtk) gene, and pYEDll, a plasmid containing two copies 
of the HSVtk gene, into a murine hepatocarcinoma cell line {Hepa 1-6) and 
a human hepatocarcinoma cell line (Hep-G2) . The efficiency of gene 
delivery and expression was characterized by beta-galactosidase 
staining, flow cytometric analysis and quantitative lacZ activity. 
Different combinations of liposomes and DNA and the ratio of the 
concentration of liposome to DNA were tested. The efficient 
transfer was shown with DOTAP followed by transfectam and 
lipof ectamine . Under these conditions, we tested the cytotoxicity of 
ganciclovir (GCV) exposure on Hepa 1-6 and Hep-G2 transfected separately 
with liposome-pAGO and liposome-pYEDll complexes. This study 
demonstrates the in vitro efficacy of each liposome tested to 
transduce the HSVtk gene into hepatocarcinoma cell lines. The transfer of 
two copies of the HSVtk gene rendered cells 1.5 times more sensitive to 
GCV than cells transduced by pAGO as compared to controls. This was 
achieved most efficiently by the DOTAP-pYEDll complex. Thus, pYEDll 
may be considered as an alternative to pAGO as a gene transfer vector. 
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Structural and functional analysis of cationic trans feet ion lipids : The 
hydrophobic domain . 

AUTHOR: Balasubramaniam R P; Bennett M J; Aberle A M; Malone J G; Nantz M H 
(a) ; Malone R W (a) 

AUTHOR ADDRESS: { a ) UCD Gene Therapy Program, Departments Chemistry Medical 
Pathology, University California Davis, , USA 

JOURNAL: Gene Therapy 3 (2) :pl63-172 1996 
ISSN: 0969-7128 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: Cationic lipids { cytof ectins ) have gained widespread acceptance 
as pharmaceutical polynucleotide delivery agents for both cultured 
cell and in vivo transf ection, and the cytofectins DOTAP and 
DC-Cholesterol are being tested in clinical human gene therapy trials . 
This study reports the effects of modifications in the hydrophobic domain 
of a prototypic cytof ectin (DORI), including modifications in lipid 
side- chain length, saturation, and symmetry . A panel of related compounds 



was prepared and an^^ed using DNA transfection, electron microscopy, 
and differential sc^^ng calorimetry (DSC) . Lipid fl^^ilations were 
prepared with dioleo^Lphosphatidylethanolamine (DOPE^^s unsonicated 
preparations and sonicated preparations. Transf ection analyses were 
performed using cultured fibroblasts, human bronchial epithelial, and 
Chinese hamster ovarian cells as well as a mouse model for pulmonary gene 
delivery. In general, cytofectins containing dissymmetric 
hydrophobic domains were found to work as well or better than the best 
symmetric analogs. Optimal side-chain length and symmetry varied with 
cell type. Compounds with phase transitions (T-c) above and below 
physiological temperature (37 degree C) were tested for DNA transf ection 
activity. In contrast to previous reports, cytofectin T-c was not found 
to be predictive of transfection efficacy. Pulmonary treatment with free 
DNA was found to be at least as effective as treatment with commonly used 
cytofectin: DNA complexes. However, cytofectins that incorporate a 
hydroxyethylammonium moiety in the polar domain were found to enhance in 
vivo gene delivery relative to free DNA. 
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Liposome-mediated gene transfer and expression via the skin. 
AUTHOR: Alexander M Yvonne; Akhurst Rosemary J (a) 

AUTHOR ADDRESS: (a) Dep. Med. Genetics, Glasgow Univ., Yorkhill Hosp . , 
Glasgow G3 8SJ, UK 

JOURNAL: Human Molecular Genetics 4 (12) :p2279-2285 1995 
ISSN: 0964-6906 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: A beta-galactosidase gene expression construct was used to 
investigate the effectiveness of gene delivery and expression when 
DNA/liposome complexes were topically applied to mouse skin in 
vivo. DNA was complexed with a commercial preparation of 

N- {1 {2, 3-dioleoyloxy) propyl) -N, N, N-trimethyl-arrur\onium- methyl -sulphate ( 
DOTAP) in a ratio of 1:1.6 (w/w) . The DNA rapidly penetrated the 
skin and was expressed in the epidermis, dermis and hair follicles. A DNA 
concentration of 267 mu-g/ml DNA was found to be optimal for efficient 
transfection. Expression was seen as early as 6 h post-application, 
persisted at high levels 24 and 48 h post-treatment, but was markedly 
reduced by 7 days after application. In conclusion, utilising a 
commercially available liposome preparation, topically-applied DNA/ 
liposome complexes can be efficiently delivered and expressed 
in several cell types within the skin. This simple, non-invasive 
technique may have implications for a number of gene therapy 
applications . 
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Evaluation in vitro and in vivo of cationic liposome-expression 
construct complexes for cystic fibrosis gene therapy. 

AUTHOR: McLachlan G{a); Davidson D J; Stevenson B J; Dickinson P; 

Davidson-Smith H; Dorin J R; Porteous D J 
AUTHOR ADDRESS: (a)Molecular Genetics Sect., MRC Human Genetics Unit, 



Western General Hosi^^ Crewe Road, Edinburgh , UK 

JOURNAL: Gene Therap^^^ (9):p614-622 1995 
ISSN: 0969-7128 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: We have tested the cationic liposome 

N- (1- (2, 3-dioleoyl-oxy) propyl) -N,N, N-trimethyl-ammoniummethyl sulphate,. ( 
DOTAP) , for gene delivery in vitro and in vivo with a view to 
clinical use in gene therapy for cystic fibrosis. Delivery of lacZ 
cDNA- DOTAP complexes via aerosol showed promoter-dependent 
differences in the pattern and longevity of expression. Repeated 
administration was well tolerated. The potential for the transfer of 
foreign genes into reproductive tissue was investigated by intravenous 
injection of DNA-DOTAP into female mice. Foreign DNA was 
undetectable in the ovaries by Southern blot analysis at 1 and 7 days 
after injection. Our results suggest that DOTAP merits testing in 
cystic fibrosis patients for delivery of the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene to the respiratory tract 
and that substitution of the cytomegalovirus (CMV) promoter for the 
simian virus (SV) promoter may improve on the transitory response 
reported previously. 
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Intratracheal gene delivery to the mouse airway: Characterization of 
plasmid DNA expression and pharmacokinetics. 

AUTHOR: Meyer K B; Thompson M M; Levy M Y; Barron L G; Szoka F C Jr(a) 
AUTHOR ADDRESS: (a)Sch. Pharmacy, Univ. Calif., San Francisco, CA 
94143-0446, USA 

JOURNAL: Gene Therapy 2 (7) :p450-460 1995 
ISSN: 0969-7128 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: Intratracheal administration of plasmid DNA resulted in gene 
expression in mouse airways in the absence of any enhancing agent. 
Administration of plasmid DNA encoding the chloramphenicol 
acetyltransf erase gene (CAT) in sterile water lead to CAT transgene 
expression that peaked between 1 and 3 days and was detected up to 28 
^ days after DNA administration. Transgene expression was independent of 
mouse gender, age and strain. Levels of expression from DNA in various 
isotonic solutions did not differ from levels obtained with DNA 
administered in water, suggesting that transfection is not dependent on 
damage to airway cells caused by a hypo-osmotic delivery vehicle. 
Pharmacokinetic studies using radiolabeled plasmid DNA showed that DNA 
was rapidly degraded, while higher levels of radioactivity were retained 
for longer duration following administration of cationic liposome 
-DNA complexes in the airway. Southern blot and PCR analysis confirmed 
that DNA complexed with DOTMA-DOPE was retained in the airways for a 
longer period. However, cationic liposomes DOTMA-DOPE (1:1) of 
DOTAP complexed with DNA, did not enhance expression over DNA 
alone. These results suggest that 'naked* plasmid DNA should be included 
as a control in all studies on intratracheal gene delivery using 
nonviral systems. 
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Amgen Inc., 1840 Dehavilland Drive, Thous, USA 
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ISSN: 0006-3002 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The interaction of cationic liposomes prepared using either 
dioleoyltrimethylammonium propane (DOTAP) or 

3 -beta- (N- (N* , N 1 -dime thylaminoe thane) carbamoyl) cholesterol (DC-CHOL) with 
model membranes and with cultured mammalian cells was examined using an 
assay developed for monitoring virus-cell fusion (Stegmann et al . (1993) 
Biochemistry 32, 11330-11337) . Lipid mixing between cationic liposomes 
and liposomes composed of DOPE/dioleoylphosphatidylglycerol (DOPG) or 
dioleoylphosphatidylcholine (DOPC) /DOPG was insensitive to pH in the 
range of pH 4.5-7.0 and was not affected by sodium chloride concentration 
in the range of 0-150 mM. Lipid mixing was dependent on 
dioleoylphosphatidylethanolamine (DOPE), since cationic liposomes 
prepared using dioleoylphosphatidylcholine (DOPC) were incapable of lipid 
mixing with DOPC/DOPG liposomes. The interaction of cationic liposomes 
with Hep G-2 and CHO D- cells was also studied. For both cell types, 
liposome-cell lipid mixing was rapid at 37 degree C, beginning 
within minutes and continuing for up to 1 hour after uptake. The extent 
of lipid mixing was decreased at 15 degree C, especially at later { gt 20 
min) time points. This suggests that at least part of the observed lipid 
mixing occurred after reaching cellular lysosomes. No lipid mixing was 
seen at 4 degree C. Monensin inhibited lipid mixing between cationic 
liposomes and the cells, despite having no effect on liposome 
uptake. Inhibition of endocytic uptake of liposomes, either by incubation 
in hypertonic media or by depletion of cellular ATP with sodium azide and 
2-deoxyglucose abolished liposome-cell fusion in both cell types. 
These data demonstrate that binding to the cell surface is insufficient 
for cationic liposome-cell fusion and that uptake into the 
endocytic pathway is required for fusion to occur. 
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Oligonucleotide-cationic liposome interactions: A physicochemical 
study . 
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ABSTRACT: Cationic liajsomes are effective in deliverijgL antisense 

oligonucleotides in^Wcells in culture, but their ir^Bactions with the 
oligonucleotides are poorly understood. We studied tf^aggregation and 
fusion reactions during the formation of cationic lipid/oligonucleotide 
complexes in solution and their interactions with lipid bilayers. 
Phosphorothioate oligonucleotides (15-mer) were complexed with cationic 
liposomes composed of dimethyldioctadecylammonium bromide (DDAB) and 
dioleoylphosphatidylethanolamine (DOPE) at 8:15 molar ratio or of a 
commercial formulation DOTAP 

(N- (1- (2, 3-dioleoyloxy) propyl) -N, N, N-trimethylammoniummethylsulf ate) , at 
different ratios with apparent -/ + charge ratios of 0.03-5.6. Mean size 
of the complexes increased with -/+ ratio so that at charge ratios 
0.4-2.0 the size increased by at least an order magnitude due to the 
oligonucleotide induced aggregation. Resonance energy transfer 
experiments showed that in addition to aggregation oligonucleotides 
induced fusion of cationic liposomes, but the fusion was rate-controlled 
by the initial aggregation step. Rate constants for oligonucleotide 
induced aggregation were dependent on lipid concentration and were in the 
range of (0.2-1) cntdot 10-7 M-l s-1 and (1-10) cntdot 10-7 M-l s-1 for 
DDAB /DOPE and DOTAP, respectively. Increase in oligonucleotide 
concentration induced the aggregation and fusion until at high -/+ ratios 
electrostatic repulsion of negative surfaces inhibited further 
aggregation and fusion. DOTAP/oligonucleotide complexes did not 
induce leakage of calcein from neutral EPC liposomes, but did cause 
leakage at -/ + charge ratios of It 0.7 and gt 2 . 0 from EPC/DOPE 
liposomes. Also at -/ + charge ratios below 0.8 DOTAP 
/oligonucleotide complexes induced leaking from negatively charged 
DPPC/DPPG liposomes. These results indicate that either 
phosphatidylethanolamine or negative charge are required in the cell 
membrane for fusion of cationic liposome-oligonucleotide complexes. 
The ratio of oligonucleotide to cationic lipid is critical in determining 
the physicochemical properties of the mixture. 
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Sandwich liposome (s) containing DNA between two lipid bilayers - 
especially for gene therapy, providing efficient delivery, 
particularly to the lungs, and high level, sustained protein expression 
from non-integrated DNA 

Patent Assignee: US SEC DEPT HEALTH (USSH ) 
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Priority Applications (No Type Date) : US 9624386 A 19960819 
Language, Pages: WO 9807408 (E, 60) 

Abstract (Basic) : WO 9807408 A 

A liposome composition comprises DOTAP 
( 1, 2-bis (oleoyloxy- 3-trimethylammonio-propane ) and at least 1 of 
cholesterol (II) and its derivatives. Also new are: (1) DNA-sandwich 
liposomes (DSL) comprising lipid bilayers with DNA positioned between 
two or more sandwich liposomes with rho (net charge) 2 and size 200-450 
nm and (2) DSL containing DNA, DOTAP and at least 1 of (I) or its 
derivatives . 

The liposomes may also include (a) a biologically active agent, 



especially nucle^^icid and (b) at least 1 target^a ligand on the 
outer surf ace. Th^Hblar ratio DOTAP:(I) is prefer^B/ 1-3:1, and 
(I) may be replaced by e.g. its acetate or oleate^^ 

USE - The liposomes are used to deliver e.g. active agents, 
particularly DNA for use in gene therapy, but also anticancer or other 
therapeutic agents, proteins, vitamins and viral or bacterial 
materials, hormones. They may also be used to transfect cells ex vivo 
for subsequent transplantation and in vaccines. Typical applications 
are treatment of diabetes, atherosclerosis, chemotherapy-induced 
multiple drug resistance, or generally immunological, neurological or 
viral diseases such as cancer and cystic fibrosis. The liposomes are 
administered by injection, orally, as aerosol, typically to provide 0.1 
mu g-5 mg nucleic acid/kg/day. 

ADVANTAGE - The new sandwich liposome protects the active 
ingredient (and prevents any toxic effects on non-target tissues) and 
ensures highly effective in vivo delivery with a wide range of 
tissue distribution. Particularly high level expression of proteins is 
achieved {up to 150 times that for known formulations) in the lung, 
with sustained expression from non-integrated DNA. Large nucleic acids, 
e.g. plasmids or viral vectors, can be accommodated. The liposomes are 
very stable and have homogeneous size; can form complexes over a wide 
range of nucleic acid: liposome mole ratios (providing high 
concentration of DNA) ; and may include non-immunogenic targeting 
ligands or stealth lipids for delivery to selected sites. When 
used in vaccines, the liposomes increase the specific antigen response 
but minimise extraneous responses. 
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Improved DNA: liposome complexes for increased systemic 
delivery and gene expression. 

Templeton NS; Lasic DD; Frederik PM; Strey HH; Roberts DD; Pavlakis GN 
NCI-FCRDC, ABL-Basic Research Program^PrSteiack, MD 21702-1201, USA. 
Nat Biotechnol (UNITED STATES) Gul 1997^ 15 (7) p647-52, ISSN 
1087-0156 Journal Code: CQ3 ^^^J^^ / / r 

Languages: ENGLISH ^ 1 2 

Document type: JOURNAL ARTICLE c^y^^< i / i / ^ 

To increase cationic liposome-mediated intravenous DNA 
delivery extruded DOTAP: cholesterol liposomes were used to form 
complexes with DNA, resulting in enhanced expression of the chloramphenicol 
acetyltransf erase gene in most tissues examined. The DNA: liposome 

ratio, and mild sonication, heating, and extrusion steps used for 
liposome preparation were crucial for improved systemic 
delivery . Size fractionation studies showed that maximal gene 
expression was produced by a homogeneous population of DNA: liposome 
complexes between 200 to 450 nm in size. Cryo-electron microscopy 
examination demonstrates that the DNA: liposome complexes have a novel 
morphology, and that the DNA is condensed on the interior of invaginated 
liposomes between two lipid bilayers. This structure could account for the 
high efficiency of gene delivery in vivo and for the broad tissue 
distribution of the DNA: liposome complexes. Ligands can be placed on 
the outside of this structure to provide for targeted gene delivery. 
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Synthetic cationic amphiphile for liposome -mediated DNA 
transfection with less cytotoxicity. 

Kato T; Iwamoto K; Ando H; Asakawa N; Tanaka I; Kikuchi J; Murakami Y 

Department of Pharmaceutical Research, Tsukuba Research Laboratories, 
Eisai Co., Ltd., Ibaraki, Japan. 

Biol Pharm Bull (JAPAN) Jun 1996, 19 (6) p860-3, ISSN 0918-6158 
Journal Code: BPZ 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

A cationic peptide amphiphile comprising an L-alanine residue interposed 
between a charged head group and a double-chain segment, N, N-dihexadecyl-N 
alpha- [6- ( trimethylammonio ) - hexanoyl] -L-alaninamide bromide (NC5Ala2C16) , 
was synthesized and used to prepare sonicated liposomes. We examined the 
efficiency of this liposome in gene transfer according to the 
transient expression of chloramphenicol acetyltransf erase (CAT) . This 
cationic liposome reagent facilitates efficient DNA transfection in 
COS-7 cells. We determined the optimum conditions for NC5Ala2C16 
liposome-mediated transfection. The optimal amounts of the amphiphile 
and plasmid DNA were determined to be about 100 micrograms and 10 
micrograms per 35-mm dish, respectively. The activity of this 
liposome was greater than that of commercial reagents, lipofectin, 
and N- [1- {2, 3-dioleoyloxy) propyl] -N, N, N-trimethyl-ammonium methylsulf ate ( 
DOTAP) , and it was less toxic than lipofectin and DOTAP in 
COS-7 cells. 



18/3,AB/10 {Item 10 from file: 155) 

DIALOG (R) File 155 : MEDLINE ( R ) 

(c) format only 1999 Dialog Corporation. All rts. reserv. 



09086939 97281426 

Evidence for safety and efficacy of DOTAP cationic liposome 



that is stable in circulation, but retains its ^jility to fuse with 

membranes. This wo ^Hbep resents the first step towa^Bthe rationale 
design of fusogenic cationic liposomes for the systemc delivery of 
gene-based drugs to target tissues, such as tumors. 
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Poly (ethylene glycol ) -lipid conjugates regulate the calcium-induced fusion 
of liposomes composed of phosphatidylethanolamine and phosphatidylserine . 

AUTHOR: Holland John W; Hui Cathy; Cullis Pieter R; Madden Thomas D(a) 
AUTHOR ADDRESS: (a)Dep. Pharmacol. Ther. , Univ. B. C, Vancouver, BC V6T 
1Z3, Canada 

JOURNAL: Biochemistry 35 ( 8 ): p2 618-2624 1996 
ISSN: 0006-2960 
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LANGUAGE: English 

ABSTRACT: The effect of poly ( ethylene glycol ) -lipid (PEG-lipid) 

conjugates on liposomal fusion was investigated. Incorporation of 
PEG-lipids into large unilamellar vesicles (LUVs) composed of 
equimolar phosphatidylethanolamine (PE) and phosphatidylserine (PS) 
inhibited calcium-induced fusion. The degree of inhibition increased with 
increasing molar ratio of the PEG conjugate and with increasing 
size of the PEG moiety. Inhibition appeared to result from the 
steric barrier on the surface of the liposomes which opposed apposition 
of bilayers and interbilayer contact. In the presence of a large excess 
of neutral acceptor liposomes, however, fusogenic activity was restored. 
The rate of fusion under these conditions depended on the initial molar 
ratio of the PEG conjugate in the PE : PS vesicles and the length and 
degree of saturation of the acyl chains which composed the lipid anchor. 
These results are consistent with spontaneous transfer of the PEG 
-lipid from PE : PS LUVs to the neutral lipid sink reducing the steric 
barrier and allowing fusion of the PE : PS LUVs. The primary determinant of 
the rate of fusion was the rate of transfer of the PEG-lipid, 
indicating that liposomal fusion could be programmed by incorporation of 
appropriate PEG-lipid conjugates. Interestingly, increasing the 
size of the PEG group did not appear to affect the rate of fusion. 
The implications of these results with respect to the design of fusogenic 
liposomal drug delivery systems are discussed. 
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Composition for de>£ve/ring catalytic nucleic acid to cells - comprises 
polyethyl ene glycol eTon jugate with ceramide and lipid, particularly 
ibozymes for treatment of cancer and inflammation 
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Abstract (Basic) : WO 9904819 A 

Composition (A) for delivering a nucleic acid catalyst (I) to a 
biological system comprises: (a) a poly ( ethylene glycol) (PEG) - 
ceramide conjugate (II); (b) a lipid (III); and (c) (I). Also 
claimed are mammalian cells containing (A) . 

USE - (A) are particularly used to deliver (I), specifically 
ribozymes, to decrease the expression of RNA associated with mammalian 
disease. The composition used to deliver the ribozymes can be used to 
treat cancer and inflammation (claimed) , as well as diseases such as, 
tumour angiogenesis, infections, metastasis, ocular diseases. 

ADVANTAGE - (A) has improved circulation properties and serum 
stability, so that it can deliver (I), in vivo or in vitro, in presence 
or absence of serum. Particularly accumulation of (I) in the target 
tissue is increased because the composition is resistant to 
opsonisation and elimination by the mononuclear phagocytic system 
(contrast conventional cationic liposomes) and (A) protects (I) against 
nucleases . 
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New lipid formulation, and liposome containing lipid - used in delivery 
of bioactive agents to cells, by encapsulating agent in liposome to form 
liposome-bioactive complex and contacting cells with complex 
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Abstract (Basic) : US 5820873 A 

A lipid compound of formula (I) is new. R1-R3 = H, 1-6C alkyl, acyl 
or aryl; R4 = H, 1-30C alkyl, 2-30C alkenyl, 2-30C alkynyl or aryl; R5 
= H, alkyl, acyl, aryl or PEG; XI = O, S or NR6, or when R5 is 
PEG and b is 1, then XI is also Yl-alk-Y2; R6 = H, 1-6C alkyl, 
acyl or aryl; alk = 1-6C alkylene; Y = N(R7), O, S or Yl-alk-Y2; R7 = 
H, 1-6C alkyl, acyl or aryl; Yl, Y2 = amino, amido, carboxyl, 
carbamate, carbonyl, carbonate, urea or phosphoro; PEG = 
polyethylene glycol with an average molecular weight (Mw) of 550-8500 
daltons, optionally substituted by 1-3C alkyl, alkoxy, acyl or aryl; a 
= 0-1; and b = 1, unless R5 is PEG, when b is 0 or 1. 

USE - (II) is used in the delivery of bioactive agents to cells, by 
encapsulating the agent in the liposome to form a liposome-bioactive 
complex and contacting the cells with the complex. (II) is also used in 
the treatment of disease; in the delivery of vaccines, by forming a 
(II) -coated vaccine, and administering; and in the immunisation of 
patients by encapsulating an antigen in (II), and administering (all 
claimed) . 



ADVANTAGE - PEG-rnodi f ied ceramide lipids 

enhance the prop^Hies of the liposomes (II) by: ^^reasing the 

circulation longe^ty or lifetime of (II); preven^^ aggregation of 
the liposomes during covalent protein coupling, such as for targetting; 
preventing aggregation of (II) incorporating targetting groups or 
drugs, such as antibodies and DNA; promoting drug retention within the 
liposome; and increasing bilayer or other stability of (II) when low pH 
is required for encapsulation of bioactive agents. (I) also reduce 
leakage due to hydrolysis of the fatty acid chains of the liposome 
bilayer and are more stable than prior art lipid forms. 
Dwg. 4/8 



Applicat No 


Kind Date 


Main 


IPC 


Week 


WO 


95CA556 


A 


19951002 


A61K- 


009/127 


199621 B 


AU 


9535598 


A 


19951002 






199631 


EP 


95932594 


A 


19951002 






199733 


WO 


95CA556 


A 


19951002 








WO 


95CA556 


A 


19951002 


C07C- 


233/18 


199836 


JP 


96511229 


A 


19951002 








EP 


95932594 


A 


19951002 


A61K- 


009/127 


199916 


WO 


95CA556 


A 


19951002 









20/3, AB/8 (Item 3 from file: 351) 

DIALOG (R) File 351 : DERWENT WPI 
(c)1999 Derwent Info Ltd. All rts. reserv. 

010712215 

WPI Acc No: 96-209170/199621 

Related WPI Acc No: 98-567593 

XRAM Acc No: C96-066669 

Polyethylene glycol modified ceramide lipid and liposome cpds . for 
delivery of bioactive agents - e.g. antitumour agents, antibiotics, 
immuno-modulators, anti-inflammatory agents and CNS agents 

Patent Assignee: UNIV BRITISH COLUMBIA (UYBR-N) 

Inventor: CHOI L S; MADDEN T D; WEBB M S; CHOI L S L 

Number of Countries: 065 Number of Patents: 005 

ELajLent^EamMv - 
(^Patent NcT^ Kind Date 

^0^610^ 

AU 9535598 A 

EP 783297 Al 

JP 10506622 W 
EP 783297 Bl 

Priority Applications (No Type Date) : US 94316429 A 19940930 
Language, Pages: WO 9610391 { E , 61); EP 783297 <E); JP 10506622 (62); EP 
783297 (E) 

Abstract (Basic) : WO 9610391 A 

Polyethylene glycol modified ceramide lipids of formula (I) 
are new: R1-R3 = H, 1-6C alkyl, acyl or aryl; R4 = H, 1-30C alkyl, 
2-30C alkenyl, 2-30C alkynyl or aryl; R5 = H, alkyl, acyl, aryl or 
PEG; R6, R7 = H, 1-6C alkyl, acyl or aryl; XI = O, S or NR6; or 
when R5 = PEG and b = 1 then XI may also be Yl-alk-Y2; Y = NR7, 
O, S or Yl-alk-Y2; Yl, Y2 = amino, amido, carboxyl, carbamate, 
carbonyl, carbonate, urea or phosphoro; alk = 1-6C alkylene; PEG 
= polyethylene glycol with molecular wt . 550-8500 (opt. substd. by 1-3C 
alkyl, alkoxy, acyl or aryl); a = 0 or 1; b = 1 unless R5 = PEG 
when b = 0 or 1. Also claimed is a kit for preparing labelled liposomes 
comprising a container with at least 2 compartments, the first contg. 
materials for prepg. a label and the second contg. (I) . 

USE - The lipid is useful for forming liposomes for the delivery of 
bioactive agents (e.g. antitumour agents, antibiotics, 
immunomodulators, anti-inflammatory agents, CNS agents, 
oligonucleotides and vaccines, esp. vincristine) . 

ADVANTAGE - The novel lipids enhance the circulation longevity of 
the liposomes, prevent aggregation during covalent protein coupling, 
prevent aggregation of liposomes incorporating targeting moieties, 
promote drug retention within the liposome and increase bilayer 
stability when low pH is required for encapsulation of bioactive 
agents . 
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Monoclonal antibody against ganglioside - LAN recognise 

N-acetylneuraminyl-neolactotetraosyl ceramide 
Patent Assignee: MEIJI SEIKA KAISHA (MEIJ ) 
Number of Countries: 001 Number of Patents: 001 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Main IPC Week 

JP 2207798 A 19900817 JP 8927507 A 19890208 199039 B 

Priority Applications (No Type Date) : JP 8927507 A 19890208 

Abstract (Basic) : JP 2207798 A 

(1) Monoclonal antibody is claimed which can recognise both 
N-acetyl-neuraminyl-neolactotetraosyl ceramide and 
N-acetylneuraminyl- lactotetraosyl ceramide specifically. (2) 
Hybridoma which can produce monoclonal antibody of (1) . 

USE/ADVANTAGE - Monoclonal antibody is extremely useful for 
ultramicroanalysis of NeuAc (alpha ) 2-3 , Gal betal-4 ( 3 ) GlcNAc having 
neolactotetraosyl series ganglioside and lactotetraosyl series 
ganglioside antigen. 

In an example, liposome was prepd.. Formula used per one mouse. 
alpha2-3-diaryl-p-globoside 21.6 ramol, dipalmitoylphosphatidyl choline 
0.5 micro-mol, cholesterol 0.5 micro-mol, Salmonella minesota R 595 LPS 
10.0 micro-g. These components were mixed, evapd. to dryness at 37 
deg.C, then homogenised with CHC13 , and dried by evaporation and 
further by using vacuum pump. To this, PBS (0.5 ml) was added, warmed 
at 60 deg.C for 5-6 mins., then homogenised by portex mixer to prepare 
liposome, the liposome was administered to 22 weeks old BALB/c mouse 
(i.p.). At 3rd day after first immunisation, spleen was fused with 
myeloma cell P3-X63-Ag8-Ul by 30% PEG 1000. After culture on HAT 
selective medium, produced hybridoma was selected. By ELISA method and 
LIL A method, further cloned by limiting dilution analysis. In the 
result, objective hybridoma CC13, FERM P-10468 was established. ( 6pp 
Dwg.No. 0/0) 
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Ca2+ transport by red^Btituted synaptosomal ATPase i sociated with H+ 
countertransport ananet charge displacement. 

AUTHOR: Salvador Jesus M; Inesi Giuseppe; Rigaud Jean-Louis; Mata Ana M(a) 
AUTHOR ADDRESS: (a) Departamento de Bioquimica y Biologia Molecular y 
Genetica, Facultad de Ciencias, Universidad de, Spain 

JOURNAL: Journal of Biological Chemistry 273 (29) : pl8230-18234 July 17, 
1998 

ISSN: 0021-9258 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The synaptosomal plasma membrane Ca2+-ATPase (PMCA) purified from 
pig brain was reconstituted with liposomes prepared by reverse phase 
evaporation at a lipid to protein ratio of 150/1 (w/w) . ATP-dependent 
Ca2 + uptake and H+ ejection by the reconstituted proteoliposomes were 
demonstrated by following light absorption and fluorescence changes 
undergone by arsenazo III and 8-hydroxy-l, 3 , 6-pyrene trisulf onate, 
respectively. Ca2 + uptake was increased up to 2-3-fold by the H+ 
ionophore carbonyl cyanide p-trif luoromethoxyphenylhydrazone, consistent 
with relief of an inhibitory transmembrane pH gradient ( ie . lumenal 
alkalinization) generated by H+ countertransport . The stoichiometric 
ratio of Ca2+/H+ countertransport was 1.0/0.6, and the ATP/ Ca2+ coupling 
stoichiometry was 1/1 at 25degree C. The electrogenic character of the 
Ca2+/H+ countertransport was demonstrated by measuring light absorption 
changes undergone by oxonol VI . It was shown that a 2 0 mV steady state 
potential (positive on the lumenal side) was formed as a consequence of 
net charge transfer associated with the 1/1 Ca2+/H+ countertransport . 
Calmodulin stimulated ATPase activity, Ca2 + uptake, and H+ ejection, 
demonstrating that these parameters are linked by the same mechanism of 
PMCA regulation. 
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Targeting and delivery of bactericide to adsorbed oral bacteria by use of 
proteoliposomes . 

AUTHOR: Jones Malcolm N(a); Francis Sheila E; Hutchinson Fiona J; Handley 

Pauline S ; Lyle Ian G 
AUTHOR ADDRESS: ( a ) Macromolecular Organisation Biological Membranes Group, 

Dep. Biochemistry Molecular Biology, Uni, UK 

JOURNAL: Biochimica et Biophysica Acta 1147 (2) :p251-261 1993 
ISSN: 0006-3002 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT : Proteoliposomes having surface-bound succinylated concanavalin A 
(s-conA) have been prepared from a range of phospholipid mixtures by 
sonication (SUV) and reverse phase evaporation (REV) covering a range of 
size {weight-average diameter ( hivin d-w) ) from approx. 35 to 310 nm and 
weight-average number of protein molecules per liposomes ( hivin P-w) 
from approx. 50 to 3000. The targeting of the proteoliposomes to adsorbed 
biofilms of the bacteria Streptococcus sanguis and Streptococcus mutans 
has been assessed from the extent of inhibition of an enzyme-linked 
immunosorbent assay (ELISA) for bacterial cell surface antigens. The 
surface-bound lectin enhances targeting relative to 'naked 1 liposomes of 



thyroxine and dexam sone treatment had more prono^^d effect on fetal 
lung DSPC content t each thyroxine and dexamethas^M treatment with 
the same dose. These data suggested that simultaneous thyroxine and 
dexamethasone administration could minimize the decreases of fetal body 
weight, lung weight and lung protein content induced by administration of 
dexamethasone in the premature rats. 
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Lamellar lipoproteins uniquely contribute to hyperlipidemia in mice doubly 
deficient in apolipoprotein E and hepatic lipase. 

AUTHOR: Bergeron Nathalie; Kotite Leila; Verges Marcel; Blanche Patricia; 

Hamilton Robert L; Krauss Ronald M; Bensadoun Andre; Havel Richard J (a) 
AUTHOR ADDRESS : { a ) Cardiovasc . Res. Inst., Univ. Calif., Box 0130, San 

Francisco, CA 94143, USA 

JOURNAL: Proceedings of the National Academy of Sciences of the United 

States of America 95 (26) : pl5647-15652 Dec. 22, 1998 

ISSN: 0027-8424 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 

ABSTRACT: Remnants of triglyceride-rich lipoproteins containing 

apolipoprotein (apo) B-48 accumulate in apo E-deficient mice, causing 
pronounced hypercholesterolemia. Mice doubly deficient in apo E and 
hepatic lipase have more pronounced hypercholesterolemia, even though 
remnants do not accumulate appreciably in mice deficient in hepatic 
lipase alone. Here we show that the doubly deficient mice manifest a 
unique lamellar hyperlipoproteinemia, characterized by vesicular 
particles 600 ANG-1,300 ANG in diameter. As seen by negative-staining 
electron microscopy, these lipoproteins also contain an electron-lucent 
region adjacent to the vesicle wall, similar to the core of typical 
lipoproteins. Correlative chemical analysis indicates that the vesicle 
wall is composed of a 1:1 molar mixture of cholesterol and 
phospholipids, whereas the electron-lucent region appears to be composed 
of cholesteryl esters (about 12% of the particle mass) . Like the 
spherical lipoproteins of doubly deficient mice, the vesicular particles 
contain apo B-48, but they are particularly rich in apo A-IV. We propose 
that cholesteryl esters are removed from spherical lipoproteins of these 
mice by scavenger receptor Bl, leaving behind polar lipid-rich particles 



that fuse to form ^^^cular lipoproteins. Hepatic l^M^e may prevent such 
vesicular lipoprot^^R from accumulating in apo E-d^Bbient mice by 
hydrolyzing phosphatxdyl choline as scavenger receptor Bl removes the 
cholesteryl esters and by gradual endocytosis of lipoproteins bound to 
hepatic lipase on the surface of hepatocytes. 
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Lipolytic and oxidative changes in two Spanish pork loin products: 
Dry-cured loin and pickled-cured loin. 

AUTHOR: Hernandez Pilar; Navarro J L{a); Toldra F 
AUTHOR ADDRESS: (a) Inst. Agroquim. y Tecnol. Alimentos, Ap . 73, 
Bur j assot-46100 Valencia, Spain 

JOURNAL: Meat Science 51 (2):pl23-128 Feb., 1999 
ISSN: 0309-1740 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: Lipolytic and oxidative changes were studied in two typical meat 
products from pork loin, dry-cured loin (DCL) and pickled-cured loin 
(PCL). Neither product registered changes in the percentages of the main 
lipid fractions: non polar lipids, phospholipids and cholesterol. 
However, in dry cured loin an important decrease was recorded in the main 
phospholipid classes, phosphatidyl choline and phosphatidyl ethanolamine . 
Muscle lipolytic enzymes were active in both products, and were 
accompanied by a significant increase in free fatty acids, from 0.580% 
(of total lipid) in fresh loin to 5.65 in DCL and 2.95% in PCL. With 
respect to oxidative changes, the peroxide value decreased in both 
products, and the TBA number only increased in PCL. 
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PEG-liposome in DDS and clinical studies] 
Maruyama K 

Department of Pharmaceutics, Teikyo University. 

Nippon Rinsho (JAPAN) Mar 1998, 56 (3) p632-7, ISSN 0047-1852 
Journal Code: KIM 

Languages: JAPANESE Summary Languages: ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, TUTORIAL English 
Abstract 

The current status of newly developed polyethyleneglycol coated 
liposome (PEG-liposome) were described in this 
review. Liposomes have demonstrated considerable promise as a 
carrier for the delivery of drugs in vivo. However, one of the drawback is 
that most liposomes intravenously injected into animals are rapidly 
removed from the blood circulation by uptake primarily in the cells of 
reticuloendothelial system (RES) . It has been found that PEG- 



liposome are not re^^fcLy taken up by the macrophages the RES and 

hence stay in the ^Itrculation for a relatively ng period of time. 
Pharmacokinetic analysis and therapeutic studies with tumor bearing mice 
revealed that PEG- liposomes have considerable potential as drug 
carriers for cancer therapy. Elevated liposome accumulation has been 
found in the tumor bearing mice model system. Results from clinical studies 
with doxorubicin encapsulated into PEG-liposomes (DOXIL) in 
AIDS-related Kaposi's sarcoma revealed an increased therapeutic efficacy 
compared to free-drug. These new formulations of long-circulating 
liposomes ( PEG-liposome ) offer the development of 

immunoliposomes with both long survival times in circulation and target 
recognition being retained in vivo. Fab ' -PEG-immunoliposome was newly 
designed to gain long-circulating enough to extravasate to the targeted 
solid tumor in vivo. An ultimate goal of Fab 1 - PEG- immuno liposome is 
the incorporation of a fusogenic molecules that would induce fusion of 
liposome following their binding to the target cells or their 
internalization by endocytosis. Such liposomal formulations should be 
useful for endocytotic internalization of plasmid DNA and other bioactive 
materials . 
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An importance of colloid chemical characterization of liposomes for 
DDS in a large scale production] 

Hirota S 

Department of Material Science and Engineering, Tokyo Denki University, 
Japan . 

Yakugaku Zasshi (JAPAN) Dec 1997, 117 (12) p991-1005, ISSN 0031-6903 
Journal Code: JON 

Languages: JAPANESE Summary Languages: ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, TUTORIAL English 
Abstract 

Efficacy and safety data of liposomal drugs in a laboratory environment 
are often not reproduced on an industrial production scale. This is largely 
due to the fact that the colloid-chemical properties of the liposomes 
manufactured on a small scale are not reproduced in large scale production. 
Though the size and the electric charge of liposomes are measured and 
are adequately specified in relation to the bio-distributions in most 
developments of liposomes (1), uniformity of lipid components, 
exposure of bio-chemically important functional groups on the outer surface 
of liposomes (2), fixed aqueous layer thickness (FALT) , number of the 
lipid bilayers, etc., are dependent upon the scale of production. 
Nevertheless these properties are not always exactly specified. Uniformity, 
especially of the functional groups on the membrane surface can be assessed 
chemically or bio-chemically with fractionated samples, and FALT can be 
easily determined through electro-chemical means (3) . In this review, 
colloid chemical characterization of liposomes is introduced, FALT as 
an example, and its importance in a quality control of a liposomal product 
in an industrial scale production is shown. Methoxy-polyethyleneglycol-diac 
ylglycerol (PEG- DAG) with varying PEG chain length and acyl 
chains were synthesized, FALT of liposomes coated with PEG- DAG 
determined and tissue distribution in tumor bearing mice. The higher 
incorporation ratio of PEG- DAG into liposomal membrane was observed 
with PEG-DAG with short acyl chains (myristoyl) and a small PEG 
molecular weight (1000) . The easier to incorporate, the easier to be 
stripped in the serum. The disposition data in the rats well reflected the 
colloid chemical and in vitro data of the PEG liposomes. 
Galactosyl-carbonyl-propionyl-polyethyleneglycol-diacylglycerol (Gal-PEG 
-DAG) with oxyethylene number, n = 10, 20 and 40 were synthesized. The 
exposure of the galactose residue beyond the fixed aqueous layer of 
liposomes coated with Ga 1 - pe G~ DAG was monitored by a lectin, 



Ricinus communis ag^fctinin (RCA) induced agglutinative, the half life in 
the blood after i . v . ection into rats, organ distril^^.ion determined and 
intrahepatic distribution studied. Only the liposomes containing the 
Gal-PEGIO-DAG aggregated with the lectin, indicating that only with this 
derivative the galactose group was adequately exposed. The Gal-PEGIO-DAG 
liposomes were cleared from the plasma with a half life of 0.3 h. The 
plasma elimination could be attributed entirely to increased uptake by the 
liver. The increased liver uptake was almost entirely attributed to 
increased uptake by the non-parenchymal cell. Incorporation of PEG 
-DSPE in to the Gal-PEGIO-DAG liposomes caused 1) a three-fold 
increase in blood circulation time, 2) a small but significant decrease in 
hepatic uptake after 20 h and 3) a significant shift in intrahepatic 
distribution in favor of the hepatocytes, comparable to that of the control 
liposomes. In conclusion, therapeutic efficacy and safety of 
liposomes can be controlled by their colloid chemical, more exactly, 
surface chemical properties. By setting up reasonable quality control 
specification of the properties in laboratory and examining the 
specifications satisfied in upscaling, the efficacy and safety are 
reproduced in a large scale product. 
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185-194 March 20, 1998 

ISSN: 0378-5173 
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ABSTRACT: Animal data of liposomal drugs in a laboratory environment are 
often not reproduced on industrial scale products. One of the most 
important reasons is in the fact that the colloid-chemical properties of 
the liposomes manufactured on a small scale are not reproduced in a 
large scale production. In this review, colloid chemical 
characterization of liposomes is introduced, fixed aqueous layer 
thickness (FALT) as an example, and its importance in a quality control 
of a liposomal product in an industrial scale production is shown. 
Methoxy-polyethylenglycol-diacylgricerol (PEGDAG) with varying PEG 
chain length and acyl chains were synthesized, FALT of liposomes 
coated with PEG-DAG determined and tissue distribution in tumor 
bearing mice studied. The higher incorporation ratio of PEG-DAG 
into liposomal membrane was observed with PEG-DAG with short acyl 
chains (myristoyl) and a small PEG molecular weight (1000) . The 
easier to be incorporated, the easier to be stripped in the serum. The 
disposition data in the mice well reflected the colliod chemical and in 
vitro data of the PEG liposomes. 

Gal actosyl-carbonyl-propionylpolyethyleneglycol-diacyl glycerol (Gal- 

PEG-DAG) with oxyethylene number, n = 10, 20 and 40 were 

synthesized. The exposure of galactosy residue beyond the fixed aqueous 

layer of liposomes coated with Gal-PEG-DAG was monitored by 

RCA lectin induced agglutination, half life in the blood and organ 

distribution after i.v. injection into rats determined and intrahepatic 

distribution studied. Only the liposomes containing Gal -PEG 

I 1 | 0DAG aggregated with the lectin, indicating that only with this 

derivative the galactose group was adequately exposed. The Gal -PEG 



I 1 1 ODAG liposomes w^^ cleared from plasma with a haJ^^life of 0.3 
h. The plasma elimi^pion could be attributed entireBBto increased 
uptake by the liver. The increased liver uptake was almost entirely 
attributed to increased uptake by the non-parenchymal cell. Incorporation 
of PEG-DSPE in the Gal-PEG I 1 1 ODAG liposomes caused (1) 

a 3-fold increase in blood circulation time, (2) a small but significant 
decrease in hepatic uptake after 20 h and (3) a significant shift in 
intrahepatic distribution in favor of the hepatocytes, comparable to that 
of the control liposomes. In conclusion, therapeutic efficacy and 
safety of liposomes can be controlled by their colloid chemical, 
more exactly, surface chemical properties. By setting up reasonable 
quality control specifications of the properties in the laboratory and 
examining the specifications satisfied in upscaling, the efficacy and 
safety are reproduced in a large scale product. 
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Long-circulating immuno liposome targeting in animal models. 
AUTHOR: Maruyama Kazuo(a) 
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ISSN: 0898-2104 

DOCUMENT TYPE: Literature Review 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The current status of newly developed PEG-immunoliposomes 

(Type C}, carrying monoclonal antibodies or their fragments (Fab') at the 
distal ends of the PEG chains, were described in this review. 
In terms of target binding of Type C, two different anatomical 
compartments were considered. They are the mouse lung endothelial for a 
readily accessible site in intravascular and the mouse implanted solid 
tumor for a much less accessible target site located in extravascular 
through leaky vascular. Distearoyl phosphatidylethanolamine derivatives 
of PEG with carboxyl group (DSPE-PEG-COOH) and dipalmitoyl 
phosphatidylethanolamine derivatives of PEG with maleimidyl group 
(DPPE-PEG-Mal } at the PEG'S terminus were newly synthesized. 
Small unilamellar liposomes {90 - 130 mn in diameter) were prepared 
from phosphatidylcholine and cholesterol (2:1, m/m) containing 6 mol% of 
DSPE-PEG-COOH or DPPE-PEG-Mal . For targeting to the vascular 
endothelial surface in the lung, 34A antibody, which is highly specific 
to mouse pulmonary endothelial cells, was conjugated to PEG- 
liposome (34A-Type C) . The degree of lung binding of 34A-Type C in 
BALB/c mouse was significantly higher than that of 34A-Type A which is an 
ordinary type of immunoliposome (without PEG derivatives) . For 
targeting to the solid tumor tissue, 21B2 antibody which is anti-human 
CEA and its Fab' fragment were used. The targeting ability of Fab 1 -Type C 
was examined by using CEA-positive human gastric cancer strain MKN-45 
cells inoculated into BALB/c nu/nu mice. Fab 1 -Type C showed the low RES 
uptake and the long circulation time, and resulted in enhanced 
accumulation of the liposomes in the solid tumor. The small 
Fab' -Type C could predominantly pass through the leaky tumor endothelium 
by passive convective transport. These studies offer some important 
insights into the potential of target-specific drug delivery. 
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Transfection of cultured myoblasts in high serum concentration with 
DODAC: DOPE liposomes. 

Vitiello L; Bockhold K; Joshi PB; Worton RG 

CRIBI, University of Padova, Italy. 

Gene Ther (ENGLAND) Oct 1998, 5 (10) pl306-13, ISSN 0969-7128 
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The inhibitory effect of serum is one of the main obstacles to the in 
vivo use of cationic liposomes as a DNA delivery system. We have 
found that a novel liposome formulation, DODAC:DOPE (1:1) is totally 
resistant to the inhibitory effects of serum for transfection of cultured 
myoblasts and myotubes. Transfection with a lacZ reporter gene in the 
presence of 95% fetal bovine serum gave up to 25% beta-gal-positive cells 
in C2C12 myoblasts and about six-fold less in primary human myoblasts. The 
lower transgene expression in primary cells does not appear to be a result 
of less DNA uptake but might result from differences in intracellular 
trafficking of the complexes. DODAC-based liposomes are unique in 
their resistance to serum inhibition and may therefore be valuable for the 
systemic delivery of genetic information to muscle and other tissues. 
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Comparison between intratracheal and intravenous administration of 
liposome-DNA complexes for cystic fibrosis lung gene therapy. 
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Intratracheal (i.t.) and intravenous (i.v.) delivery of DNA-vector 
formulations are two strategies to obtain gene transfer to the lung, it is 
still uncertain, however, which of these two modes of delivery will 
be more effective in the treatment of cystic fibrosis and other lung 
diseases. In this . study, we attempted to optimize formulations of the 
cationic liposome DODAC : DOPE (dioleoyldimethylammonium-chloride : 
dioleoylphosphatidylethanolamine) complexed to plasmids encoding 

chloramphenicol acetyltransf erase for i.t. and i.v. injection into CD-2 
mice and compared the two methods. Our results showed that both methods 
conferred reporter gene expression in the lung that was significantly 
higher relative to injection of plasmid DNA alone. Expression using either 
mode of administration was maximal 24 h after injection and declined to 
around 10% of day 1 levels 2 weeks after injection. For i.v. delivery 
of DODAC . DOPE-DNA complexes multilamellar vesicles were more 
effective than large unilamellar vesicles in all organs investigated. 
Recombinant DNA could be detected in the distal lung region following 
either route of administration. However, i.t. administration predominantly 
led to DNA deposition in epithelial cells lining the bronchioles, e.g. in 
clara cells, whereas i.v. administration resulted in DNA deposition in the 
alveolar region of the lung including type II alveolar epithelial cells. 
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Cationic liposome — plasmid DNA complexes used for gene transfer retain a 
significant trapped volume. 

Wasan EK; Fairchild A; Bally MB 
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Journal Code: J07 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

The goal of this study is to determine whether cationic liposomes retain 
any trapped volume after their complexation to plasmid DNA. This serves two 
purposes: to further the understanding of the physical nature of 
liposome /plasmid DNA complexes used in gene therapy and to investigate the 
potential for codelivery of other encapsulated molecules with the 
liposome-DNA complexes. Cationic liposomes composed of 

N, N-dioleoyl-N, N-dimethyl ammonium chloride and dioleoylphosphatidylethanola 
mine (DODAC /DOPE, 50/50 mol %) encapsulating an aqueous trap marker 
were used to prepare liposome-DNA complexes at various charge ratios. The 
trapped volume before and after DNA binding was measured by two methods: 
dialysis and filtration. The effect of tissue culture medium on trapped 
volume was also investigated. A lipid-mixing assay was employed to further 
characterize the aggregation events that influence trap volume. The trapped 
volume (Vt) of neutral control liposomes was 1.1 +/- 0.04 microL/mumol, 
which was not affected by the addition of DNA. For cationic liposomes in 
the absence of DNA the Vt was 1.45 +/- 0.46 and 1.54 +/- 0.08 microL/mumol, 
as measured by the filtration and dialysis methods, respectively. After 
addition of DNA, the residual trapped volume (RVt) decreased to 0.43 +/- 
0.1 microL/mumol and 0.47 +/- 0.05 microL/mumol, as determined by each 
method, respectively. RVt increased as the ratio of cationic lipid to DNA 
(nmol of lipid/mg of DNA) was increased above 10, a ratio that corresponds 
to a charge ratio (positively charged lipids to negatively charged 
phosphate groups) of 1.62. Aggregation and lipid-mixing were greatest at 
charge ratios coinciding with the lowest trapped volume. In the presence of 
tissue culture medium, the Vt of cationic liposomes but not neutral 
liposomes was reduced, suggesting that the salts have a direct effect on 
cationic liposomes in the absence of DNA. The RVt of both neutral and 
cationic liposomes in the presence of DNA, however, was not different from 
that of the liposomes in the absence of DNA. These results suggest that a 
significant trapped volume is retained by cationic liposomes after binding 
to plasmid DNA. This is an important finding with regard to the potential 
use of DNA/liposome complexes in the codelivery of other bioactive 
molecules at the time of cell transf ection . 
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Cationic lipid binding to DNA: characterization of complex formation. 
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We recently demonstrated that cationic lipids, added in monomer or 
micellar form, bind to DNA, resulting in the formation of a hydrophobic 
complex. This complex can serve as a well-defined intermediate in the 
preparation of DNA-lipid particles (DLPs) with many potential applications 
for delivery of polynucleotides in vitro and in vivo. To develop a 
better understanding of the factors governing complex formation, we have 
characterized the cationic lipid/DNA binding reaction. This was evaluated 
by measuring DNA and cationic lipid (DODAC) complex formation using 
the Bligh and Dyer extraction procedure. Efficient recovery of DNA (> 95%) 
in the organic phase was achieved when sufficient monocationic lipids 
interact with DNA phosphate groups. The rate of binding depends on the 
amount of DNA or cationic lipid present in the system. The time required to 
generate the hydrophobic complex was increased when < 10 micrograms of DNA 
or < 40 nmol of DODAC was present. Surprisingly, the rate of complex 



comparable concent rg^Lon by factors of 2-50 dependin^^on the liposomal 
lipid composition hivin P-w. The effect of the ^B^ericide Triclosan 

on the thermal properties and permeability characteristics of liposomes 
has been studied. At and above a molar ratio of Triclosan to lipid of 
0.6, Triclosan eliminates the gel to liquid-crystalline phase transition 
in dipalmitoylphosphatidylcholine (DPPC) containing liposomes and 
increases the bilayer permeability of both liposomes and proteoliposomes 
to D-glucose. The proteoliposomes have been used to deliver Triclosan to 
S. sanguis biofilms and the inhibition of growth of the bacteria after 
treatment with liposomally delivered Triclosan has been determined using 
a microtitre plate re-growth assay and compared with growth inhibition by 
'free 1 Triclosan. It is shown that for short exposure times ( 1 to 2 min) 
proteoliposomally delivered Triclosan is a more effective growth 
inhibitor than free Triclosan. The results are discussed in terms of the 
targeting, retention and subsequent release of Triclosan into the 
bacterial biofilms. 
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Cationic lipid binding to DNA: characterization of complex 
formation . 

Wong FM; Reimer DL; Bally MB 

Division of Medical Oncology, British Columbia Cancer Agency, Vancouver, 



Canada. 
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We recently demonstrated that cationic lipids, added in monomer or 
micellar form, bind to DNA, resulting in the formation of a hydrophobic 
complex. This complex can serve as a well-defined intermediate in the 
preparation of DNA-lipid particles (DLPs) with many potential 
applications for delivery of polynucleotides in vitro and in vivo. To 
develop a better understanding of the factors governing complex formation, 
we have characterized the cationic lipid/DNA binding reaction. This 
was evaluated by measuring DNA and cationic lipid (DODAC) complex 
formation using the Bligh and Dyer extraction procedure. 
Efficient recovery of DNA (> 951) in the organic phase was achieved when 
sufficient monocationic lipids interact with DNA phosphate groups. The rate 
of binding depends on the amount of DNA or cationic lipid present in 
the system. The time required to generate the hydrophobic complex was 
increased when < 10 micrograms of DNA or < 40 nmol of DODAC was present. 
Surprisingly, the rate of complex formation was contingent on the 
incubation period after partitioning the DNA/lipid mixture into 
organic and aqueous phases. These results suggest that the cationic 
lipid /DNA complex forms at the aqueous/organic interface and that 
DNA/lipid binding is dependent on multivalent interactions at this 
interface. A Scatchard analysis of DNA/ DODAC binding demonstrated that the 
binding reaction exhibits a high degree of positive cooperativity . The 
apparent dissociation constant (Kn) , using data obtained under conditions 
where DODAC binding to DNA approached saturation, indicated a high-affinity 
reaction (Kn > 10(-11) mol L-l). At this point, approximately 8400 mol of 
DODAC was bound per mole of DNA, which is equivalent to a charge ratio 
(+/-) of 0.585 for the 7.2 kb plasmid used and suggests that formation of 
the hydrophobic complex occurs at a stage prior to charge neutralization. 
The influence of other lipids on DNA/cationic lipid binding at the 
aqueous/organic interface was also studied. Cholesterol and DOPC had little 
effect on DNA/ DODAC binding while the anionic lipids LPI, DOPS, and DMPG 
inhibited complex formation. The zwitterionic lipid DOPE, however, 
had a concentration-dependent effect on cationic lipid binding that 
was also dependent on the mixing order. We believe that this approach for 
evaluating lipid /DNA binding provides an effective procedure for 
assessing factors which control the dissociation of lipids from DNA and may 
be beneficial in the selection of lipids for effective use in gene 
transfection studies. 



30/3, AB/2 (Item 2 from file: 155) 

DIALOG(R) File 155 : MEDLINE ( R ) 

(c) format only 1999 Dialog Corporation. All rts. reserv. 

08426671 96038254 

Formation of novel hydrophobic complexes between cationic lipids and 
plasmid DNA. 
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An ability to generate a well defined lipid-based carrier system 
for the delivery of plasmid DNA in vivo requires the characterization 
of factors governing DNA/lipid interactions and carrier formation. We 
report that a hydrophobic DNA/lipid complex can be formed following 
addition of cationic lipids to DNA in a Bligh and Dyer 
monophase consisting of chlorof orm/methanol/water (1:2.1:1). Subsequent 
partitioning of the monophase into a two-phase system allows for the 
extraction of DNA into the organic phase. When using monovalent cationic 



lipids, such as dime 1J^d.dioctadecyl ammonium bromide, c^^leyldimethylammoniu 
m chloride, and 1, 2-<^M.eyl-3-N, N, N-trimethylaminoproj^Bs chloride, greater 
than 95% of the DNA present can be recovered in the organic phase when the 
lipid is added at concentrations sufficient to neutralize DNA 
phosphate charge. When the polyvalent cationic lipids 

2 , 3-dioleyloxy-N- [ 2 ( sperminecarboxamido ) ethyl ] -N, N-dimethyl- 1- propanamini 
um trif luoroacetate and diheptadecylamidoglycyl spermidine are used, 
efficient extraction of the DNA into the organic phase is also achieved 
when the charge ratio between lipid and DNA is approximately equal. 
Formation of the hydrophobic DNA complex can only be achieved with cationic 
lipids. In the absence of added cations or in the presence of excess Ca2+, 
L-lysine, or poly ( L-lysine) , 100% of the DNA is recovered in the aqueous 
fraction. The monovalent cationic lipid/DNA complexes can also be 
prepared in the presence of detergent; however, low concentrations of NaCl 
(< 1 mM) lead to dissociation of the complex. Importantly, these results 
clearly demonstrate that cationic lipid binding does not lead to DNA 
condensation. The methods described, therefore, enable DNA/lipid 
complexes to be characterized in the absence of DNA condensation. {ABSTRACT 
TRUNCATED AT 250 WORDS) 
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ABSTRACT: Recent studies have demonstrated that the fetal endocrine system 
plays a major role in lung maturation. The purpose of the present study 
was to determine the effects of prenatal thyroxine and dexamethasone 
administration on the fetal body weight, lung weight, lung protein 
content and disaturated phosphatidylcholine (DSPC), major component of 
surfactant, in the premature rats. Thyroxine was injected into amniotic 
sac of pregnant rats with a dose of 1, 5, 10 .mu.g and dexamethasone was 
administered subcutaneously to pregnant rats with a dose of 100, 400, 800 
.mu.g/kg body weight on gestation days 18. On the other hand, thyroxine 
(5 .mu.g) and dexamethasone (400 .mu.g/kg body weight) were administered 
to pregnant rats on gestation days 18. Premature rats were 
delivered by Cesarean section under ketamine anesthesia on 24 hours 
after the drug administration, approximately on gestation days of 19. The 
premature rats were killed by decapitation to allow maximal blood 
drainage and both lung were then dissected free from the hilum and 
weighed to the nearest 0.1 mg as soon as possible. DSPC content of lung 
was determined by the Ames method (1966) after extraction by the method 
of Mason et al (1976) from total lipid solution obtained by 
Bligh & Dyer method (1959), and lung protein content was 
determined by the Bradford method. Each treated and control group 
consists of 20 premature rats. Dexamethasone administration (400 and 800 
.mu.g/kg) resulted in significant decreases in fetal body weight, lung 
weight, lung protein content compared to control rats. Thyroxine 
administration (10 .mu.g) resulted in significant increases in fetal lung 
protein content compared to control rats. Thyroxine (5 and 10 .mu.g) and 
dexamethasone (400 and 800 .mu.g/kg) resulted in significant increases in 
fetal lung DSPC content compared to control rats. And simultaneous 
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Contact hypersensitivity: a simple model for the characterization of 
disease-site targeting by liposomes. 

Klimuk SK; Semple SC; Scherrer P; Hope MJ 

Department of Biochemistry and Molecular Biology, University of British 
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A murine model of delayed-type hypersensitivity (DTH) is characterized 
with respect to liposome accumulation at a site of inflammation. Mice were 
sensitized by painting the abdominal region with a solution of 
2, 4-dinitrofluorobenzene (DNFB) and inflammation was induced 5 days later 
by challenging the ear with a dilute solution of DNFB. The inflammatory 
response was readily monitored by measuring ear thickness (edema) and 
radiolabeled leukocyte infiltration. Maximum ear swelling and cellular 
infiltration occurred 24 h after the epicutaneous challenge with the ear 
returning to normal size after approximately 72 h. We demonstrate that 
large unilamellar vesicles (LUV) accumulate at the site of inflammation to 
a level more than 20-fold higher than that measured in the untreated ear. 
Vesicle delivery to the ear correlated with increased vascular leakage 
resulting from endothelium remodeling in response to DNFB challenge, and 
was not a consequence of increased local tissue blood volume. Extravasation 
occurred only during the first 24 h after ear challenge; after this time 
the permeability of the endothelium to vesicles returned to normal. We 
further showed that LUV with a diameter of 120 nm exhibit maximum levels of 
accumulation, that a polyethylene glycol surface coating does not increase 
delivery, and that the process can be inhibited by the application of 
topical corticosteroids at the time of induction. These data and the 
inflammation model are discussed with respect to developing lipid-based 
drug delivery vehicles designed to accumulate at inflammatory disease 
sites . 
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It is well established that the circulation half-life of liposomes 
increases with increasing dose. This effect is commonly attributed to 
"saturation* of the fixed and free macrophages of the reticuloendothelial 
system resulting in reduced clearance rates. However, it is also known that 
the clearance rate of liposomes is dependent on the amount of associated 
blood protein, leading to the possibility that dose-dependent increases in 
circulation lifetimes could be due to decreases in the amount of blood 
protein associated per liposome. In order to test this hypothesis, the 
protein binding and clearance properties of large unilamellar liposomes 
composed of distearoylphosphatidylcholine/ cholesterol and egg 



4 phosphatidylcholine/dioJ^^lphosphatidic acid/cholester^^rere examined in 
mice. Liposomes were ^^Icted over a dose range of 10 t^^lOOO mg lipid/kg 
body weight, and the circulation lifetime and liver and spleen accumulation 
monitored. As expected, longer circulation half-lives were observed at 
higher doses for both liposome compositions. However, it was also found 
that at higher liposome doses, significantly less protein was bound per 
liposome. The results indicate that there is a limited pool of blood 
proteins that is able to interact with liposomes of a given composition. At 
higher lipid doses these blood proteins are distributed over more liposomes 
resulting in lower protein binding values and longer circulation lifetimes. 
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Influence of cholesterol on the association of plasma proteins with 
liposomes . 

Semple SC; Chonn A; Cullis PR 

Department of Biochemistry and Molecular Biology, The University of 
British Columbia, Vancouver, British Columbia, Canada. 

Biochemistry (UNITED STATES) Feb 27 1996, 35 (8) p2521-5, ISSN 
0006-2960 Journal Code: A0G 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

The in vivo association of blood proteins with large unilamellar 
liposomes composed of saturated phosphatidylcholines was analyzed to 
determine the effect of membrane fluidity and hydrocarbon chain length on 
liposome-plasma protein interactions and liposome clearance. Liposomes 
composed of dimyristoylphosphatidylcholine (DMPC) , dipalmitoylphosphatidylc 
holine (DPPC) , distearoylphosphatidylcholine (DSPC) , and 

diarachidoylphosphatidylcholine (DAPC) were administered via the lateral 
tail vein of CD-I mice and were subsequently isolated from the blood at 2 
min postinjection. The protein binding ability (PB, grams of protein bound 
per mole total lipid) of the liposomes was quantified and related to their 
circulation half-lives. Liposomes composed of long-chain saturated 
phospholipids that exist in the gel (frozen) state at 39 degrees C 
(DPPC, DSPC and DAPC) bound large quantities of blood proteins, in excess of 
48 g of protein per mole total lipid, and were found to be rapidly cleared 
from the circulation. The incorporation of cholesterol into DSPC liposomes 
resulted in significantly decreased PB values and enhanced circulation 
lifetimes for this lipid system. This cholesterol effect plateaued at 30 
mol % cholesterol, corresponding to the loss of the gel-liquid crystalline 
phase transition, and resulted in PB values of 23-28 grams of protein per 
mole of total lipid. The types of blood proteins binding to DSPC liposomes 
were not significantly altered by the inclusion of cholesterol. This is the 
first demonstration of rapid clearance of neutral large unilamellar 
liposomes having high levels of bound protein. 
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Beta 2 glycoprotein I is a major protein associated with very rapidly 
cleared liposomes in vivo, suggesting a significant role in the immune 
clearance of "non-self" particles. 
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Liposomes recovered the blood of liposome- tre^^i GDI mice were 

previously reported to ha^e a complex protein profile asso^Pated with their 
membranes (Chonn, A. , Semple, S.C., and Cullis, P.R. (1992) J. Biol. Chem. 
267, 18759-18765) . In this study, we have further characterized and 
identified the major proteins associated with very rapidly cleared large 
unilamellar vesicles. These liposomes contained phosphatidylcholine, 
cholesterol, and anionic phospholipids (phosphatidylserine, phosphatidic 
acid, or cardiolipin) that dramatically enhance the clearance rate of 
liposomes from the circulation. These anionic phospholipids are normally 
found exclusively in the interior of cells but become expressed when cells 
undergo apoptosis or programmed cell death, and thus, they are believed to 
be markers of cell senescence. Analysis of the proteins associated with 
these liposomes by SDS-polyacrylamide gel electrophoresis revealed that two 
of the major proteins associated with the liposome membranes are proteins 
with electrophoretic mobilities corresponding to M(r) of 66,000 and 
50,000-55,000. The 66-kDa protein was identified to be serum albumin by 
immunoblot analysis. Using various biochemical and immunological methods, 
we have identified the 50-55-kDa protein as the murine equivalent of human 
beta 2-glycoprotein I. beta 2-glycoprotein I has a strong affinity for 
phosphatidylserine, phosphatidic acid, and cardiolipin inasmuch as the 
levels of beta 2-glycoprotein I associated with these anionic liposomes 
approach or even exceed those of serum albumin, which is present in serum 
at a concentration 200-fold greater than beta 2-glycoprotein I. Further, we 
demonstrate that the amount of beta 2-glycoprotein I associated with 
liposomes, as quantitated by an enzyme-linked immunosorbent assay, is 
correlated with their clearance rates; moreover, the circulation residency 
time of cardiolipin-containing liposomes is extended in mice pretreated 
with anti-beta 2-glycoprotein I antibodies. These findings strongly suggest 
that beta 2-glycoprotein I plays a primary role in mediating the clearance 
of liposomes and, by extension, senescent cells and foreign particles. 
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The proteins associated with liposomes in the circulation of mice were 
analyzed in order to determine whether bound proteins significantly 
influence the fate of liposomes in vivo. Liposomes were administered 
intravenously via the dorsal tail vein of CD1 mice and were isolated from 
blood after 2 min in the absence of coagulation inhibitors using a rapid 
"spin column" procedure. Various negatively charged liposomes exhibiting 
markedly different clearance properties were studied; notably, these 
included liposomes containing 10 mol % ganglioside GM1 which has been 
previously shown to effectively limit liposomal uptake by the fixed 
macrophages of the reticuloendothelial system. The protein binding ability 
(PB; g of protein/mol of lipid) of the liposomes was quantitated and 
related to the circulation half-life (tau 1/2) of the liposomes. Liposomes 
having similar membrane surface charge imparted by different anionic 
phospholipids were found to exhibit markedly different protein binding 
potentials. Furthermore, PB values determined from the in vivo experiments 
were found to be inversely related to circulation half-lives. PB values in 
excess of 50 g of protein/mol of lipid were observed for rapidly cleared 
liposomes such as those containing cardiolipin or phosphatidic acid (tau 



1/2 less than 2 min) . values for ganglioside GMl-con^ining liposomes 
(tau 1/2 greater than^^i) were significantly less (PB^Bss than 15 g of 
total protein/mol of ^ffal lipid) . PB values were aflK determined for 
liposomes recovered from in vitro incubations with isolated human serum; 
relative PB values obtained from these in vitro experiments were in 
agreement with relative PB values measured from in vivo experiments. PB 
values, therefore, could be a useful parameter for predicting the clearance 
behavior of liposomes in the circulation. Liposomes exhibiting increased PB 
values in vivo were shown by immunoblot analysis to bind more immune 
opsonins, leading to a higher probability of phagocytic uptake. Finally, 
based on results obtained using the in vitro system, it is suggested that 
the mechanism by which ganglioside GM1 prolongs the murine circulation 
half-life of liposomes is by reducing the total amount of blood protein 
bound to the liposomes in a relatively nonspecific manner. 
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Separation of large unilamellar liposomes from blood components by a spin 
column procedure: towards identifying plasma proteins which mediate 
liposome clearance in vivo. 
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In order to facilitate the isolation of liposomes from blood components, 
we have developed a simple and rapid procedure combining chromatographic 
and centrifugal methods. This 1 spin column' procedure was used to isolate 
liposomes from incubation mixtures with human serum or from the blood of 
CD1 mice after intravenous administration of liposomes. An advantage of 
this procedure is that processing times are fast (typically minutes) such 
that the isolation procedure can be done in the absence of chelators or 
other coagulation inhibitors which may affect protein/liposome 
interactions. Furthermore, several samples can be analyzed together and 
small sample volumes can be processed. In addition, we show that this spin 
column procedure can be employed to isolate large unilamellar vesicles 
averaging 100 nm in diameter from lipoproteins and plasma proteins. The 
applicability of this spin column procedure in studying protein/liposome 
interactions is demonstrated by quantitating the amount of human complement 
component C3 bound per liposome using a C3 competitive ELISA assay after 
incubation with human serum. The proteins associated with the recovered 
liposomes were further analyzed by conventional SDS-polyacrylamide gel 
electrophoresis. We show that egg phosphatidylcholine/cholesterol (55:45, 
mol/mol) or egg phosphatidylcholine/cholesterol/dioleoylphosphatidylserine 
(35:45:20, mol/mol) liposomes isolated from the circulation of CD1 mice 
within minutes of administration have distinct, complex profiles of 
associated proteins. By isolating circulating large unilamellar liposomes 
using the spin column method and characterizing the proteins associated 
with their membranes, this protein fingerprinting approach will expedite 
identifying protein interactions which affect liposome stability and 
clearance in vivo. 
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ABSTRACT: Our recent in vivo studies have investigated the surface 

adsorption property of various circulating liposomes to blood proteins, 
and have related this property to liposome clearance behavior. In 
particular, we have investigated liposomes composed of different charged 
or neutral lipids, fatty acyl chain length and saturation, and 
cholesterol content. From these studies an apparent inverse relationship 
between the amount of blood protein that associates with large 
unilamellar vesicles and the circulation half-lives of the liposomes is 
observed, indicating that protein-mediated liposome clearance mechanisms 
are dominant. Furthermore, by comparing the protein profiles of rapidly 
cleared liposomes with liposomes exhibiting enhanced circulation times, 
key blood proteins have been identified and implicated in the clearance 



process . 
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ABSTRACT: Liposomes recovered from the blood of liposome-treated CD1 mice 
were previously reported to have a complex protein profile associated 
with their membranes (Chonn, A., Semple, S. C, and Cullis, P. R. (1992) 
J. Biol. Chem. 267, 18759-18765). In this study, we have further 
characterized and identified the major proteins associated with very 
rapidly cleared large unilamellar vesicles. These liposomes contained 
phosphatidylcholine, cholesterol, and anionic phospholipids 
(phosphatidylserine, phosphatidic acid, or cardiolipin) that dramatically 
enhance the clearance rate of liposomes from the circulation. These 
anionic phospholipids are normally found exclusively in the interior of 
cells but become expressed when cells undergo apoptosis or programmed 
cell death, and thus, they are believed to be markers of cell senescence. 
Analysis of the proteins associated with these liposomes by 
SDS-polyacrylamide gel electrophoresis revealed that two of the major 
proteins associated with the liposome membranes are proteins with 
electrophoretic mobilities corresponding to M-r of 66,000 and 
50,000-55,000. The 66-kDa protein was identified to be serum albumin by 
immunoblot analysis. Using various biochemical and immunological methods, 
we have identified the 50-55-kDa protein as the murine equivalent of 
human beta-2-glycoprotein I. beta-2-glycoprotein I has a strong affinity 
for phosphatidylserine, phosphatidic acid, and cardiolipin inasmuch as 
the levels of beta-2-glycoprotein I associated with these anionic 
liposomes approach or even exceed those of serum albumin, which is 
present in serum at a concentration 200-fold greater than 
beta-2-glycoprotein I. Further, we demonstrate that the amount of 
beta-2-glycoprotein I associated with liposomes, as quantitated by an 
enzyme-linked immunosorbent assay, is correlated with their clearance 
rates; moreover, the circulation residency time of cardiolipin-containing 
liposomes is extended in mice pretreated with anti-beta-2-glycoprotein I 
antibodies. These findings strongly suggest that beta-2-glycoprotein I 
plays a primary role in mediating the clearance of liposomes and, by 
extension, senescent cells and foreign particles. 
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A murine model of delayed-type hypersensitivity (DTH) is characterized 
with respect to liposome accumulation at a site of inflammation. Mice 
were sensitized by painting the abdominal region with a solution of 
2, 4-dinitrofluorobenzene (DNFB) and inflammation was induced 5 days later 
by challenging the ear with a dilute solution of DNFB. The inflammatory 
response was readily monitored by measuring ear thickness (edema) and 
radiolabeled leukocyte infiltration. Maximum ear swelling and cellular 
infiltration occurred 24 h after the epicutaneous challenge with the ear 
returning to normal size after approximately 72 h. We demonstrate that 
large unilamellar vesicles (LUV) accumulate at the site of inflammation to 
a level more than 20-fold higher than that measured in the untreated ear. 
Vesicle delivery to the ear correlated with increased vascular leakage 
resulting from endothelium remodeling in response to DNFB challenge, and 
was not a consequence of increased local tissue blood volume. Extravasation 
occurred only during the first 24 h after ear challenge; after this time 
the permeability of the endothelium to vesicles returned to normal. We 
further showed that LUV with a diameter of 120 nm exhibit maximum levels of 
accumulation, that a polyethylene glycol surface coating does not increase 
delivery, and that the process can be inhibited by the application of 
topical corticosteroids at the time of induction. These data and the 
inflammation model are discussed with respect to developing lipid-based 
drug delivery vehicles designed to accumulate at inflammatory disease 
sites . 
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